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ABSTRACT 
 
 
Every year Japan territory has been crossed by typhoon. In the past, there were 3 
typhoons that gave big damages to Japan. First is Typhoon Muroto (1934). Second is 
Typhoon Makurazaki (1945), lastly, Typhoon Ise-wan (1959). The typhoon Ise-wan 
inundated about 310 km
2
 area and gave 5,098 people dead. There is Ariake Sea in 
Kyushu Island. The Ariake Sea has the largest tidal range in Japan, i.e., 6 m at bay head. 
This sea area is about 1,700 km
2
 with about 96 km of the bay axis, 18 km of the average 
width, 20 m of the average depth. It faces on 4 prefectures i.e., Nagasaki, Saga, Fukuoka 
and Kumamoto. Most of the plains in Saga Prefecture are adjacent to the Ariake Sea. It 
is mainly lowland area with an unusually small slope, so once the sea water enters these 
areas it will immediately create large inundated area despite the fact that these areas are 
being used for agricultural, offices, residential, airport and etc. From 1952 to 2007 it has 
occurred 72 typhoons passing through Saga and within a radius of 150 km, which 
provide a number of damages and casualties on the island of Kyushu. The Japanese 
government has built coastal dyke along the bay head's shorelines and river near these 
areas with the maximum height of 7.5m. However, it is quite significant to analyze the 
risk by storm surge and following inundation in the lowland and also to have a 
countermeasure against the future coastal disasters.  
The aims of this dissertation are to analyze the storm surges by the past main 
typhoons, such as Typhoon Songda (T200418), Typhoon Nabi (T200514), Typhoon 
Wilda (T196420), Typhoon Pat (T198513) and several scenarios with the high wind 
speed, to obtain the effect of tide levels to the storm surge, to know the conditions that 
the water level exceeds the height of coastal dyke, which cause the inundation in the 
Saga Plain, to know the performance of the old coastal dykes  and to create coastal flood 
hazard management in this area. 
In this research used several limitations and assumptions of the problem are as 
follows: (1) Selection of typhoons is used based on the total damage (billion yen). They 
are classified again by passing tracks of the typhoons approached to Kyushu island, 
especially the mouth of the Ariake Sea. A typhoon is then selected according to the 
largest wind speed in Nagasaki Meteorological Station. Finally, the Typhoon Songda 
ii 
was selected as reference. (2) In the hydrodynamic simulations it is assumed that there is 
no structural failure of the dyke. (3) Elevations of old dykes in Shiroishi and Ogi Town 
area are assumed to be 4 m, while those in Higashiyoka and Saga Airport are 3 m.  
This dissertation consists of eight chapters. The Chapter 1 contains an introduction, 
background and aims of this dissertation. The Chapter 2 contains several references 
review. 
In the Chapter 3, a hydrodynamic numerical simulation is used to evaluate the current 
state of storm surge that occurs at the time of the past typhoons. What should be seen is 
the impact of changes in wind speeds and wind directions. Next, the numerical 
simulations are used to determine the condition of storm surge in the Rokkaku River 
Estuary, Kase River Estuary and surroundings. The water level is high enough for 
overflowing the dyke along the coast. The computational mesh used is adjusted for the 
small area of the computational mesh. Thirdly, a study using the data of Typhoon Pat is 
conducted to examine whether the water level exceeds the coastal dyke height or not. In 
this case, high-tide level is around 2 - 6.4 m. The water does not exceed the height of 
coastal dyke in the condition of this part, but it is approaching that height. The case of 
Typhoon Songda shows the largest water level. 
In the Chapter 4, the condition that the water level can be higher than the dykes is 
determined using the numerical simulation. In this part, 15 scenarios by Typhoon 
Songda conditions are used for reference and the assumption is given, which the wind 
speed increases 2 times to 3 times higher than the reference condition with the same 
wind direction. Moreover, the scenarios by using the fixed wind speed with fixed wind 
direction are examined as well. The wind speed is increased with the same wind 
direction until water level exceeds the existing coastal dykes, which cause flooding in 
lowland. The water level is found to pass through the coastal dyke by wind speed 80 m/s 
with the direction of 180° in some areas in the case of low tide. The increasing wind 
speed at each wind direction produces a linear increase in water level for all 
measurement location. 
The Chapter 5 is an effect of the high tide conditions for overflow the coastal dyke in 
the case of Typhoon Pat.  The high tides give effect to the water level exceeds coastal 
dyke and made an inundation in Saga Lowland while the tide is high. To obtain the 
effect of the tide against storm surge, a ratio of water level to the tide level is focused. 
This calculation gives the result that the parameter of low tide is larger than that of high 
iii 
tide.  
The Chapter 6 is a study to see the performance of the old dyke against the occurred 
flooding by comparing the simulation results without and with the old dyke. The result 
of this part is that the old dykes are particularly useful in restricting the inundation area. 
By restricting the inundation area it minimizes the effects of flooding. 
In the Chapter 7, based on the research results mentioned above, the flood risk map 
and evacuation map are made to use a coastal flood hazard management in Saga lowland 
and areas of high risk and critical facilities, such as Saga airport needs to be reviewed 
again for the counter-measure against the considered storm surge. 
The Chapter 8 are Conclusions, Suggestions and Recommendations. 
 
Keywords:  Storm Surge, Typhoon, Hydrodynamic Numerical Modelling, Coastal 
Flood Hazard Management, Saga lowland.   
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Chapter 1 
 
 
INTRODUCTION 
 
 
 
1.1 BACKGROUND AND PROBLEM IDENTIFICATION. 
 
Japan is an archipelago country located in the Pacific Ocean. The four largest islands 
are Honshu, Hokkaido, Kyushu and Shikoku, together accounting for ninety-seven 
percent of Japan's land area.  Japan is separated from the east coast of Asia by the Sea of 
Japan. The dominant geography of the Japanese Islands consists of relatively high 
mountains located in the center and narrow strips of plane lands lying along the 
coastlines. The mountainous region including hilly areas covers 71% of the total land, 
and the remaining area is divided into the foot of mountains, the terrace, and the low-
lying land in the ratio of 4%, 12% and 13%, respectively. 
The Japanese archipelago, however, is situated in the Circum-Pacific Earthquake 
Zone and in the zonal route of typhoons. As it is located on the fringe of the Eurasian 
Continent, strong low pressures migrate across the Sea of Japan in winter. Therefore, we 
have frequently suffered from numerous disasters caused by huge waves, storm surges, 
tsunamis and earthquakes. 
Kyushu is the southern most of the four major islands of Japan. It is the third largest 
amongst the group of four major islands.  Kyushu has a population of 13,231,995 (2006) 
and covers 35,640 square kilometers that has a strong agricultural sector, producing 
about 20% of Japan's agricultural output, and ranks first in Japan in livestock output 
(about $6.2 billion in 2004). 
Kyushu region is divided into seven prefectures. The prefectures of Kyushu are as 
follows: 
o Fukuoka Prefecture 
o Saga Prefecture 
o Nagasaki Prefecture 
2   Ariestides Kadinge Torry Dundu 
o Kumamoto Prefecture 
o Miyazaki Prefecture 
o Oita Prefecture 
o Kagoshima Prefecture 
 
 
 
Fig. 1.1 Region and Prefecture of Japan (Wikipedia) 
 
In this island there is Ariake Sea with the area of 1,700 km
2
 along the inner bay with 
96 km of the bay axis and 18 km of the average width and faced on 4 prefectures i.e. 
Nagasaki, Saga, Fukuoka and Kumamoto. This sea is characterized by a macro tidal 
range (3-6 m) which is the largest tidal range in Japan (Kato and Seguchi, 2001; 
Hiramatsu et al., 2005; Tsutsumi, 2006). A largest tidal flat which occurs with an area of 
207 km
2
 or about 40% of the total tidal flat in Japan. Most of the areas adjacent to the 
3   Ariestides Kadinge Torry Dundu 
Ariake Sea are lowland areas with a very small slope. Therefore, once the sea water 
enters these areas it will immediately create large inundated area despite the fact that 
these areas are used for agricultural, offices, residential, airport and etc. The Japanese 
government has built coastal dyke along the shorelines and river within this areas with 
the maximum height of 7.5m.  
 
 
 
Fig. 1.2 Region and Prefecture in Kyushu Island 
 
 
Every year Japan territory is crossed by typhoon with variety of categories, ranging 
from wind speed categories from the smallest to the largest. There are 3 typhoons that 
gave big damages to the nation. First is typhoon Muroto (1934), that caused big damages 
to the buildings, large inundated area for about 9.274 x 10
4
 ha and 2,702 human 
casualties. Second is typhoon Makurazaki (1945) that damaged some buildings, resulted 
to large inundated area for about 8.98 x 10
4
 ha and 1,229 people also lost their lives 
during this typhoon. Lastly, Typhoon Ise-wan (1959) which also gave the same impacts 
as the first two typhoons mentioned. The Typhoon Ise-wan created large inundates on 
about 8.34 x 10
5
 ha area and 5,098 people killed. 
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Table 1.1 Storm surge disasters in Japan 
 
 
 
 
Based on the total damage caused by the typhoons in Japan can be seen in Table 1.2. 
 
Tabel 1.2. Damage by typhoon in Japan 
(http://agora.ex.nii.ac.jp/cgi-bin/dt/disaster.pl?lang=en&basin=wnp&sort=damage&order=dec&stype= number) 
 
 
 
 
Dead Injured Missing
Completely
destroyed
Partially
destroyed
Washed
away
1 Oct. 1917 Tokyo Bay 1,127 2,022 197 34,459 21,274 2,442
13 Sep. 1934 Ariake Sea 373 181 66 1240 791
21 Sep. 1934 Osaka Bay 2,702 14,994 334 38,771 49,275 4,277  Muroto
27 Aug. 1942 Suo Sea 891 1,438 267 33,283 66,486 2,605
17 Sep. 1945 Southern Kyushu 2,076 2,329 1,046 58,432 55,006 2,546  Makurazaki
3 Sep. 1950 Osaka Bay 393 26,062 141 17,062 101,792 2,069  Jane
14 Oct. 1951 Southern Kyushu 572 2,644 371 21,527 47,948 1,178  Ruth
7 Sep. 1959 Ise Bay 4,697 38,921 401 38,921 113,052 4,703  Ise Bay
16 Sep. 1961 Osaka Bay 185 3,897 15 13,292 40,954 536 Second Muroto
21 Aug. 1970 Tosa Bay 12 352 1 811 3,628 40  No.10
30 Aug. 1985 Ariake Sea 3 16 0 0 589 0 No.13 (Pat)
Date
Major damaged
area
Human casualties Damage to houses
Typhoon
Number Name Item Amount
Dead or Missing 95
Injured 174
Destroyed Houses 5312
Inundated Houses 113902
Damage (bil. JPY) 591.6
Dead or Missing 62
Injured 1499
Destroyed Houses 170447
Inundated Houses 22965
Damage (bil. JPY) 573.5
Dead or Missing 43
Injured 173
Destroyed Houses 4401
Inundated Houses 31082
Damage (bil. JPY) 227.2
Dead or Missing 169
Injured 435
Destroyed Houses 11193
Inundated Houses 442317
Damage (bil. JPY) 208
Damage
Typhoon Track
Typhoon
3 198115 THAD
4 197617 FRAN
1 198210 BESS
2 199119 MIREILLE
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Tabel 1.2. Damage by typhoon in Japan (continued) 
 
 
 
 
Number Name Item Amount
Dead or Missing 48
Injured 266
Destroyed Houses 1892
Inundated Houses 10447
Damage (bil. JPY) 175.5
Dead or Missing 36
Injured 1077
Destroyed Houses 47150
Inundated Houses 23218
Damage (bil. JPY) 163.1
Dead or Missing 40
Injured 131
Destroyed Houses 16541
Inundated Houses 18183
Damage (bil. JPY) 132.2
Dead or Missing 16
Injured 49
Destroyed Houses 811
Inundated Houses 12691
Damage (bil. JPY) 130.3
Dead or Missing 47
Injured 1364
Destroyed Houses 57466
Inundated Houses 10026
Damage (bil. JPY) 126.2
Dead or Missing 38
Injured 174
Destroyed Houses 651
Inundated Houses 136308
Damage (bil. JPY) 125.8
Dead or Missing 12
Injured 83
Destroyed Houses 1503
Inundated Houses 68216
Damage (bil. JPY) 107.4
Typhoon Damage
Typhoon Track
11 197916 OWEN
9 200418 SONGDA
10 198218 JUDY
7 199019 FLO
8 198506 IRMA
5 199313 YANCY
6 199918 BART
6   Ariestides Kadinge Torry Dundu 
Tabel 1.2. Damage by typhoon in Japan (continued) 
 
 
 
The southern and eastern parts of the Kyushu island are regularly affected by 
typhoons every year. Characteristics of the typhoon is a high wind speed with wind 
direction changing and the higher the wind speed is accompanied by lower air pressure. 
The wind speed causes sea levels rise causing storm surges. Wind direction's changes 
cause a change of water flow. 
From 1952 to 2011 it has occurred 72 typhoon passing through Saga within a radius 
of 150 km where the typhoon Ruth (1951), Wilda (1964), Pat (1985), Songda (2004), 
Chaba (2004), Nabi (2005), and several other typhoons provided damage and casualties 
on the Kyushu Island. 
Kyeong Ok Kim and Takao Yamashita, 2008, simulated of storm surge did caused by 
Typhoon T199918 in the Yatsushiro Sea, Kyushu, Japan. It was hindcasted by the 
synchronous coupled wind-wave-surge model composed of a Meso-scale meteorological 
model (MM5) for the wind and sea surface pressure, a spectral third-generation wind-
Number Name Item Amount
Dead or Missing 111
Injured 478
Destroyed Houses 7523
Inundated Houses 37450
Damage (bil. JPY) 105.7
Dead or Missing 21
Injured 106
Destroyed Houses 2683
Inundated Houses 105072
Damage (bil. JPY) 105.5
Dead or Missing 18
Injured 285
Destroyed Houses 8627
Inundated Houses 46581
Damage (bil. JPY) 105.4
Dead or Missing 29
Injured 179
Destroyed Houses 7452
Inundated Houses 21160
Damage (bil. JPY) 94.9
Typhoon Damage
Typhoon Track
15 200514 NABI
13 198610 SARAH
14 200416 CHABA
12 197920 TIP
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wave model (Wavewatch III) for waves, and the coastal ocean model (Princeton Ocean 
Model). Inclusion of the whitecap wave breaking stresses (whitecap dissipation stress) in 
the coastal ocean model made it possible to reproduce the extreme surge height in the 
extremely shallow bay. The hindcast of a storm surge reported here clearly shows the 
importance of energy transfer via whitecap dissipation of wind waves in the generation 
of a mean current in the extremely shallow water.  
Lee Han Soo, et all., 2008, performed reanalysis of past major storms in West Kyushu 
and Study of Wind-induced Currents in Ariake Sea. In this study, the mesoscale 
atmospheric model was used for the reanalysis of the 47 past storm and severe weather 
conditions including 42 typhoons focusing on West Kyushu, Japan since 1959. The 
results of reanalysis had been utilized for a database construction and studies of the wind 
field characteristics in semi-closed Omura Bay. The reanalysis results were also used to 
study the characteristics of wind-induced currents in Ariake Sea, which is very important 
in material transport under storm events. 
Tomotsuka Takayama, 2006, describe that Japan has experienced disasters caused by 
storms surge and waves as it is surrounded by sea and located in the path of a typhoon. 
The past mitigation projects to be reviewed as an example of a project hurricane storm 
surge in Osaka. Storm surge disasters were much reduced in three large bay with a 
permanent reduction project implementation. However, storm surge disasters recently 
occurred in the bay are different from them. Although the bay also has a specific storm 
surge barrier, the disaster caused by the eruption of the barriers. If the barrier had stood 
with the storm surge, the disaster would have been reduced. The water overflow rate is 
much increased by the collapse of the barriers. Because the storm surge barrier should 
not be easily broken even in the over design conditions. The permanent control of the 
project should be executed during a storm surge of three large bays. Consequently storm 
surge disasters were much reduced in the bays, but the storm surge barrier in the bay has 
become old to work. In addition, the storm surge disasters have  occurred in different 
bays from the major bay and have been enlarged due to the destruction of  barriers. 
Stefan Reese and Hans-Joerg Markau, 2002, making the concept of Risk Handling & 
Natural hazards developed in the initial phase to ensure the general political and 
administrative levels are different. This method includes three interrelated segments of 
risk analysis, risk evaluation and risk management. A hazard determination performed 
for the different study areas on the coasts of the North and Baltic Sea on the basis of the 
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given hydrological and morphological conditions. The specific flooding- and dyke 
breach probability are computed. In parallel, the potential for damage is assessed through 
the analysis of vulnerability. The expected damages can be evaluated by observing the 
different scenarios. The specific risk can be calculated for the different study areas on the 
basis of a combination of occurrence probability and damages. From the results of 
strategies and measures for disaster preparedness and mitigation should be transferred in 
the subsequent risk management framework. This methodology is useful for both 
disaster planning and recovery. 
Cabinet Office (Disaster Management), 2004, created a manual of Tsunami and Storm 
Surge Hazard Map to promote preparation of tsunami and storm surge hazard maps that 
cover the whole of Japan. The manual assists in preparing and utilizing tsunami and 
storm surge hazard maps and shows essential points of technological systems and 
utilization methods. The methods described in this manual are merely a summary at 
today’s technical levels, and need to be revised along with technological development. 
New technologies, which are being constantly developed, should be actively 
incorporated according to the purposes of this manual. 
Fuminori Kato and Ken’ichi Torii, 2003, stated that the method of risk assessment for 
hazard map on storm surge flood has not been established completely. Probabilistic 
evaluation on tide level and wave overtopping rate, judgment on coastal dyke break, and 
flood simulation are key elements in the risk assessment.  
 
 
1.2 THE AIMS AND SCOPE OF DISSERTATION 
 
The aims of this dissertation are; (1) to analyze the storm surges by the typhoon 
Songda (T200418), typhoon Nabi (T200514), typhoon Wilda (T196420), typhoon Pat 
(T198513) and several scenarios where the wind speed and wind direction are fixed that 
ever crossed the region in Saga Lowland and its surroundings, (2) to know the 
conditions that can make the water level exceeds the coastal dyke and the inundation in 
the Saga Lowland and (3) to create a coastal flood hazard management in this area. 
 
1.3 LIMITATIONS AND ASSUMTIONS  
 
On research in this dissertation used several limitations and assumptions of the 
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problem is as follows: 
1. The software used to get the water level, current speed, flow flux, and the 
inundation is a MIKE3 FM (hydrodynamic module) developed by Danish 
Hydraulic Institute (DHI) version 2011. 
2.  Selection of a typhoon is used based on the total damage (billion yen) which is 
then divided again by a passing track of the typhoon approached Kyushu 
island, especially the mouth of the Ariake Sea. Then selected according to the 
largest wind speed in Nagasaki Station. Based on this case was selected as the 
Typhoon Songda as reference. 
3.  The selection of data from the station to be used based on the computational 
mesh used in hydrodynamic simulations. 
4.  In the hydrodynamic simulations assumed that there was no structural failure 
of the dyke. 
5. Research sites in the Saga Plain are the area in front of the city Ureshino in 
Kashima, Shiroishi Shinmei, Shiroishi Hachihei, Shiroishi Fukudomi, 
Rokkaku River Estuary, Ogi Town (in this study named Ashikari), Kase River 
Estuary, Higashiyoka Oaza Iimori, Higashiyoka Oaza Kogomori, and Saga 
Airport. 
6.  Elevation old dyke who is Shiroishi and Ogi Town area is assumed to be 4 m, 
while in Higashiyoka and Saga Airport is 3 m. 
 
 
1.4 OUTLINE OF DISSERTATION 
  
This dissertation was composed of eight chapters. The outline and relation between 
these chapters, are shown in Fig. 1.3. 
 Chapter I contain the conditions and problems in Saga Lowland area in the Ariake 
Sea, and the aims of this study. 
 Chapter II contains the theories and explanations about the software used in this 
study. 
 Chapter III contains a study to evaluate the current state of storm surge that occurs 
at the time of the past typhoons such as Typhoon Songda, Typhoon Nabi  and the 
Typhoon Wilda. What should be seen is the impact of changes in wind speed and 
wind direction. In this study, used wind data from Nagasaki Meteorological Station 
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and the level of tide is around 1 - 2.5 m. 
 Chapter IV contains the study to determine if the water level can be higher than the 
dykes built along the coasts and rivers. In this study, 15 scenarios are used by 
Typhoon Songda conditions for reference and the assumption is given, which the 
wind speed increases 2 times to 3 times higher than the reference condition with the 
same wind direction. Moreover, the scenarios by using the fixed wind speed with 
fixed wind direction are examined as well. The wind speed is increased with the 
same wind direction until water level exceeds the existing coastal dykes, which 
cause flooding in lowland. 
 Chapter V contains a study to see the condition of storm surge in the Rokkaku River 
Estuary, Kase River Estuary and surroundings. This is due to the results of previous 
part, that is, water level is high enough for overflowing the dyke along the coast. In 
this part, used data of wind is from Chikugo River Office at Synthetic Tower. Thus, 
the computational mesh used should be adjusted to where the data is retrieved 
(small area of the computational mesh). This study is also conducted with the 
scenarios that result in water level through the coastal dyke in previous parts. The 
condition of tide level in this part is around 1 - 2.5 m. 
 Chapter VI contains a study using the data of Typhoon Pat. The study is conducted 
to see the condition that the water level in the hazard area, Ashikari becomes 
between the Rokkaku River Estuary and the Kase River Estuary. A difference with 
the previous part is that the data of Typhoon Pat are taken in Misumi Meteorological 
Station with high-tide level around 2 - 6.4 m. 
 Chapter VII contains a study on the condition of the occurrence of overflow based 
on the results of previous parts that exceed the height of existing coastal dyke will 
cause flooding in Saga Lowland areas. In addition, performed simulations with the 
assumption that there is a hurricane with winds as high as typhoon Songda with the 
condition that the high tide level at the time of Typhoon Pat occurred. Based on the 
research results mentioned above, the risk map and evacuation map are made to use 
a coastal flood hazard management in Saga lowland and areas of high risk and 
critical facilities, such as Saga airport needs to be reviewed again to increase the 
height of the existing coastal dyke. 
 Chapter VIII contains the links between some of the research, conclusions and 
suggestions. 
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Chapter 1 
INTRODUCTION 
Background and Problem identification 
The Aims and Scope of Dissertation 
Limitations and Assumptions 
Layout of Dissertation 
 
 
 
 
Chapter 2 
REFERENCES REVIEW  
Definition 
Flow and Transport Model Equations 
Finite Approximations 
Numerical Simulation 
Flood Risk Management 
Coastal Hazard Management 
 
 
 
 
Chapter 3 
ANALYSIS ON STORM SURGE CHARACTERISTICS 
IN SAGA LOWLAND BY A SIMULATION OF PAST 
TYPHOONS 
Numerical Simulation of Storm Surge by typhoon Songda 
(T200418), typhoon Nabi (T200514), typhoon Wilda 
(T196420) and Pat (T198513) 
 
 
 
 
Chapter 4 
STORM SURGE SIMULATION ON ASSUMTION OF 
HIGH INTENSITY TYPHOON 
Numerical Simulation of Storm Surge by Typhoon Songda 
(T200418) and Wind speed 2x and 3x of typhoon Songda 
(T200418), and the fixed wind speed (50-80 m/s) and 
direction  (180o, 225o, and 270o) 
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Chapter 5 
EFFECT OF THE LARGE TIDAL CHANGE ON 
STORM SURGE IN THE ARIAKE SEA 
Numerical Simulation of Storm Surge by the high wind 
speed as Typhoon Songda (T200418) with high tide as 
Typhoon Pat (T198513) and comparison between low tide 
and high tide conditions. 
 
 
 
Chapter 6 
A STUDY ON PERFORMANCE OF THE OLD DYKES 
TO REDUCE THE INUNDATION IN SAGA PLAIN 
Numerical Simulation of Storm Surge by typhoon causes 
inundation in Saga Lowland with and without old dyke. 
 
 
 
Chapter 7 
COASTAL FLOOD HAZARD MANAGEMENT IN 
SAGA LOWLAND 
Based on the results of previous studies the occurrence of 
overflow conditions that exceed the height of existing 
coastal dyke will cause flooding Saga Lowland areas that 
made the risk map and evacuation map as part of the 
Management of hazard in Saga Lowland area. 
 
 
 
Chapter 8 
CONCLUSIONS AND RECOMMENDATIONS 
The linkage of several studies 
Conclusions 
Suggestions and Recommendations 
 
 
Fig. 1.3 Flowchart of dissertation 
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Chapter 2  
 
 
REFERENCES REVIEW  
 
 
 
2.1. TYPHOON  
 
The history of typhoon presents a perfect example of the long journey that many 
words made in coming to English. It traveled from Greece to Arabia to India, and also 
arose independently in China, before assuming its current form in our language. The 
Greek word tuphōn, used both as the name of the father of the winds and a common 
noun meaning "whirlwind, typhoon," was borrowed into Arabic during the Middle Ages, 
when Arabic learning both preserved and expanded the classical heritage and passed it 
on to Europe and other parts of the world. Ṭūfān, the Arabic version of the Greek word, 
passed into languages spoken in India, where Arabic-speaking Muslim invaders had 
settled in the 11th century. Thus the descendant of the Arabic word, passing into English 
(first recorded in 1588) through an Indian language and appearing in English in forms 
such as touffon and tufan, originally referred specifically to a severe storm in India. The 
modern form of typhoon was influenced by a borrowing from the Cantonese variety of 
Chinese, namely the word taaîfung, and respelled to make it look more like Greek. 
Taaîfung, meaning literally "great wind," was coincidentally similar to the Arabic 
borrowing and is first recorded in English guise as tuffoon in 1699. The various forms 
coalesced and finally became typhoon, a spelling that first appeared in 1819 in Shelley's 
Prometheus Unbound. (http://www.answers.com/topic/typhoon). 
The definition of typhoon is different between the Japanese standard and the 
international standard. A tropical storm with the wind speed of more than 34 kt is called 
a "typhoon" in Japan, while in the international standard, that with the wind speed of 
more than 64 kt is called a "typhoon." Tropical cyclones in the world are called by 
different names in each basin, such as a "typhoon" and a "hurricane," but the standard to 
be called by such names is the same : more than 64 kt of wind. A typhoon with 
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maximum sustained surface winds greather than or equal to 130 kt (approximately 
Category 5) is called a "super typhoon," and a hurricane of Category 3 and above is 
called a "major hurricane." A tropical cyclone weaker than Category 1 is not a "typhoon" 
in the international standard, but may be classified as a "typhoon" in the Japanese 
standard. In mainland China and Hong Kong, a typhoon with maximum sustained 
surface winds greater than or equal to 100 kt are called Super Typhoon. However, 
maximum sustained winds are measured differently in mainland China and Hong Kong, 
where the former uses 2-min mean and the latter uses 10-min mean. For other regions 
than Japan and the United States, please refer to the classification of tropical cyclones in 
the world. 
Typhoons, or tropical cyclones, have various names depending on their birth places in 
the world. Let's compare the differences among them. A word typhoon is used in the 
western north Pacific and Asia (Japan), while hurricane is used in north and central 
America, and cyclone in other areas of the world. They can be classified into the same 
meteorological phenomenon in the sense that all have the same type of structure as a 
tropical cyclone.  Does this mean that "Typhoon" and "Hurricane" are the same 
phenomena - just their difference is in the location of the storm? The fact is a little more 
complicated, because the difference is also in the intensity. In Japan, the word "Taifu" or 
"Taihu" (the Japanese word for "Typhoon") has a slightly different meaning. As the 
following table shows, the difference of "Taifu" and "Typhoon" is in the intensity, while 
the difference of "Typhoon" and "Hurricane" is in the location. 
 
Table 2.1 Differences of "Taifu" and "Typhoon" is in the intensity 
 
Location  Max. Wind 34-64 kt  Max. Wind 64- kt 
Western North Pacific Region  
Taifu (Taihu) 
(Severe) Tropical Storm  Typhoon 
     North Atlantic Basin  Tropical Storm  Hurricane 
 
The following summarizes typhoons worldwide and some of the related terms in 
more detail. 
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Table 2.2 Summarizes of typhoons worldwide 
 
Term Meaning 
Cyclone 
[Generic term 
for a low-
pressure 
system]  
Cyclone is a generic term to refer to a low-pressure system. Typhoons and other 
types of low pressure systems are all cyclones. The direction of rotation is 
opposite in the northern hemisphere and the southern hemisphere, but other 
essential features of a cyclone are shared in both hemispheres. 
Tropical 
Cyclone  
Tropical cyclone is in general a cyclone formed in the tropical areas. However, 
the word "tropical" does not refer to the place of formation, and it actually 
refers to the structure of a cyclone. This means that a cyclone with the structure 
of a tropical cyclone is called a "tropical cyclone" regardless of the place. 
Typhoons, hurricanes and others are all "intense" tropical cyclones, so they are 
regarded as same meteorological phenomena (classification of intensity). A 
unique convention for tropical cyclones is that each tropical cyclone is named. 
Extratropical 
Cyclone  
Extratropical cyclone literally means a cyclone outside of the tropical areas. 
Most of the low pressure systems that pass around Japan belong to this type. 
Just like a tropical cyclone, this term also does not refer to the place of 
formation, but refers to the structure of a cyclone. The fundamental difference 
between a tropical cyclone and this type is that the former consists of warm air 
only, while the latter consists of both cold air and warm air. This difference also 
leads to the different source of energy for intensification. Finally, we often see a 
tropical cyclone transformed into an extratropical cyclone, but the inverse is 
rare. 
Typhoon  
Typhoon is a tropical cyclone located in the western north Pacific basin 
(between 100E and 180E in the northern hemisphere). The category of a 
typhoon is decided by the maximum sustained winds, but please note that the 
typhoon in Japanese standard and the typhoon in international standard is not 
the same. Finally, among tropical cyclones in the world, the typhoon is the most 
frequent and the strongest tropical cyclone. Typhoons are named. 
Hurricane  
Hurricane is a tropical cyclone located in the north Atlantic, eastern or central 
north Pacific (east of 180E (180W) in the northern hemisphere), eastern south 
Pacific (east of 160E in the southern hemisphere). The category of a hurricane 
follows the same international standard as the typhoon based on the maximum 
sustained wind. When a hurricane reaches the 180E (180W) degree line and 
enters into the basin of the typhoon, it starts to be called a typhoon. Hurricanes 
are named. 
Cyclone 
[Abbreviation 
of a tropical 
cyclone]  
Cyclone is a generic term for a cyclonic system, but the same word is also used 
as an abbreviation of 'tropical cyclone' as long as a special term to represent a 
tropical cyclone does not exist. In northern Indian ocean (west of 100E), the 
term "cyclonic storm" is used, and in southern Indian ocean, around Australia, 
and in the southern Pacific ocean, the term "tropical cyclone" is in use. If a 
typhoon moves westward to pass 100E, then it starts to be called as a cyclone. It 
seems that the first tropical cyclone in the south Atlantic in 2004 is called either 
a cyclone or a hurricane. Cyclones are named. 
Willy-Willy  
Willy-Willy is often introduced as the name of a tropical cyclone around 
Australia, but it seems that it actually means something like a dust devil, and 
has little relationship with a tropical cyclone. Additional information. 
Tornado  
The tornado (waterspout or whirl wind) and the tropical cyclone share the same 
feature as the low-pressure vortex of atmosphere, but other features, such as 
formation, structure, scale and duration, are totally different. For example, the 
scale of a tornado is usually on the order of 100m-1000m, while a tropical 
cyclone is on the order of 100km-1000km. In some cases, however, a tropical 
cyclone spawns a tornado due to the severe weather and produces irregularly 
strong winds beyond expectation.  
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2.2 STORM SURGE 
 
Storm surge is simply a behavior of water that is pushed toward the shore by the 
force of the winds swirling around the storm. This advancing surge combines with the 
normal tides to create the hurricane storm tide, which can increase the mean water level 
4.5 m or more. 
In addition, wind waves are superimposed on the storm tide. This rise in water level 
can cause severe flooding in coastal areas, particularly when the storm tide coincides 
with the normal high tides. 
The storm surge is how high above current sea level the ocean water gets. The 
number we are most interested in regarding storm surge is how many feet above mean 
sea level (MSL) inundation will occur. This number is the storm tide, not the storm 
surge. The storm tide is the height of the storm surge above mean sea level (MSL), 
corrected for the tide. For example, in a location where high tide is two feet higher than 
mean sea level, and low tide is two feet lower than mean sea level, a 15-foot storm surge 
would cause a 17-foot storm tide if the hurricane hit at high tide or a 13-foot storm tide 
at low tide. Keep in mind that on the top of the storm surge will be large waves capable 
of causing severe flooding and battering damage, and these waves are not included in 
storm surge forecasts. The waves on top of the storm tide break when they reach shallow 
water, and create an external high water mark (HWM) on structures. The high water 
mark can be much higher than the storm surge or storm tide. 
(http://www.wunderground.com/hurricane/surge.asp). 
V. Swail, (2009), Explain that storm surges and their associated coastal inundation, 
are major coastal hazards, in both tropical and extratropical areas, and are clearly among 
the critical natural phenomena which should be addressed by the Global Earth 
Observation System of Systems (GEOSS), with the aim of reducing loss of life and 
property in lowlying coastal areas. 
Concisely, the issues needed to be considered when developing an advanced storm 
surge prediction models includes but is not limited to the following: (1) surge events and 
the associated historical data  (2) forces that drive surges differ from one storm to 
another, and storm characteristics evolve, (3) coastal inundation risks, (4) computational 
solutions of the governing equations limited by the scope and scales of the modeled 
physics, (5) accurate modeling of storm surges which requires an adequate specification 
of the geometry of the basin and continental shelf leading up to the coastal floodplain; 
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(6) coastal geometries can be very complex both across and along the shelf, (7) ocean 
response models use winds averaged over 10-30 minutes at a reference height of 10 m, 
(8) forcing for surge generation includes momentum transfers from waves in addition to 
the direct transfer from winds; (9) the structure of a hurricane wind field found to be 
well represented by a relatively small set of parameters: storm intensity, size, forward 
speed, and a “peakedness” function; (10) coastal surge models driven with best-fit 
parametric wind fields; and (11)future models  
Water level and associated data are required from a number of well-documented 
surge episodes from a region for calibration and validation of numerical predictive 
models, analysis of historical events and real time forecasting and verification of storm 
surges. A considerable range of meteorological, oceanographic, bathymetric, 
topographic, hydrological and orographic data is required and it can take several decades 
to collect sufficient observations for a given area. In recent years with the advent of 
additional data types, and the increased sophistication of storm surge models, the 
possibilities and requirements for additional data have evolved. A schematic of the storm 
surge prediction process is shown in Fig. 2.1. 
 
 
 
 
Fig. 2.1 Schematic of data requirements for water level predictions 
Regional Modelling
Observations
Boundary Condition for  
Wave and Surge
Bathymetry and
Topography
Detail Wave Detail Water Level
Observations Observations
Forces on Structures
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2.3. FLOW AND TRANSPORT MODEL EQUATIONS 
 
2.3.1 3D Governing Equations in Cartesian Co-ordinates 
Shallow water equations 
The model is based on the solution of the three-dimensional incompressible Reynolds 
averaged Navier-Stokes equations, subject to the assumptions of Boussinesq and of 
hydrostatic pressure.  
The local continuity equation is written as 
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and the two horizontal momentum equations for the x- and ycomponent, respectively 
 
  
  
 
   
  
  
   
  
  
   
  
       
  
  
  
 
  
 
   
  
  
 
  
 
  
  
    
 
 
  
         
 
   
  
    
  
  
    
  
       
 
  
     
  
  
             (2.2) 
  
  
 
   
  
  
   
  
  
   
  
       
  
  
  
 
  
 
   
  
  
 
  
 
  
  
    
 
 
  
         
 
   
  
    
  
  
    
  
       
 
  
     
  
  
             (2.3) 
 
where t is the time; x, y and z are the Cartesian co-ordinates; is the surface elevation; d 
is the still water depth; h d is the total water depth; u, v and w are the velocity 
components in the x, y and z direction; f 2sinis the Coriolis parameter (is the 
angular rate of revolution and the geographic latitude); g is the gravitational 
acceleration; is the density of water;    ,    ,     and      are components of the 
radiation stress tensor;   is the vertical turbulent (or eddy) viscosity;    is the 
atmospheric pressure;   is the reference density of water. S is the magnitude of the 
discharge due to point sources and      is the velocity by which the water is 
discharged into the ambient water. The horizontal stress terms are described using a 
gradient-stress relation, which is simplified to 
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where A is the horizontal eddy viscosity. 
The surface and bottom boundary condition for u, v and w are 
At z =   : 
 
  
  
    
  
  
    
  
  
      
  
  
 
  
  
   
 
    
                (2.6) 
 
At z = -d 
 
  
  
  
    
  
  
      
  
  
 
  
  
   
 
    
                  (2.7) 
 
where        and        are the x and y components of the surface wind and 
bottom stresses.  
The total water depth, h, can be obtained from the kinematic boundary condition at 
the surface, once the velocity field is known from the momentum and continuity 
equations. However, a more robust equation is obtained by vertical integration of the 
local continuity equation 
 
  
  
    
   
  
    
   
  
                  (2.8) 
 
where    and    are precipitation and evaporation rates, respectively, and   and   are the 
depth-averaged velocities 
 
         
 
  
             
 
  
         (2.9) 
 
The fluid is assumed to be incompressible. Hence, the density, , does not depend on 
the pressure, but only on the temperature, T, and the salinity, s, via the equation of state 
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                    (2.10) 
 
Here the UNESCO equation of state is used. 
 
2.3.2. Transport equation for a scalar quantity 
The conservation equation for a scalar quantity is given by 
 
  
  
 
   
  
  
   
  
  
   
  
       
 
  
     
  
  
               (2.11) 
 
where C is the concentration of the scalar quantity, k p  is the linear decay rate of the 
scalar quantity, Cs  is the concentration of the scalar quantity at the source and v D is the 
vertical diffusion coefficient. FC  is the horizontal diffusion term defined by 
     
 
  
    
 
  
   
 
  
    
 
  
            (2.12) 
 
where D h  is the horizontal diffusion coefficient. 
 
2.3.3. Turbulence model 
 
The turbulence is modelled using an eddy viscosity concept. The eddy viscosity is 
often described separately for the vertical and the horizontal transport. Here several 
turbulence models can be applied: a constant viscosity, a vertically parabolic viscosity 
and a standard k-  model (Rodi, 1984). In many numerical simulations the small-scale 
turbulence cannot be resolved with the chosen spatial resolution. This kind of turbulence 
can be approximated using sub-grid scale models. 
 
Vertical eddy viscosity 
The eddy viscosity derived from the log-law is calculated by 
       
 
     (2.13) 
 
 
where    max          and    and     are two constants.    and    are the 
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friction velocities associated with the surface and bottom stresses,    0.41 and      
0.41give the standard parabolic profile. 
In applications with stratification the effects of buoyancy can be included explicitly. 
This is done through the introduction of a Richardson number dependent damping of the 
eddy viscosity coefficient, when a stable stratification occurs. The damping is a 
generalisation of the Munk-Anderson formulation (Munk and Anderson, 1948). 
 
      
                    (2.14) 
 
where    
 is the undamped eddy viscosity and Ri  is the local gradient Richardson 
number 
 
 
 
 
           (2.15) 
 
a 10 and b 0.5 are empirical constants. 
In the k-model the eddy-viscosity is derived from turbulence parameters k and as 
 
       
  
 
            (2.16) 
 
where k is the turbulent kinetic energy per unit mass (TKE), is the dissipation of TKE 
and c is an empirical constant. The turbulent kinetic energy, k, and the dissipation of 
TKE, , are obtained from the following transport equations  
 
   
   (2.17) 
 
 
 
 
 
                     (2.18) 
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where the shear production, P, and the buoyancy production, B, are given as 
 
 
              (2.19) 
 
 
        
        (2.20) 
 
 
with the Brunt-Väisälä frequency, N, defined by 
 
                    (2.21) 
 
 
 
 t  is the turbulent Prandtl number and  k, , c1 , c2 and c3 are empirical constants. 
F are the horizontal diffusion terms defined by 
 
          (2.22) 
 
 
The horizontal diffusion coefficients are given by D h A/ kand Dh = A/, 
respectively. Several carefully calibrated empirical coefficients enter the k-e turbulence 
model.  
 
Table 2.3 Empirical constants in the k- model 
 
c c1 c 2 c 3 t k  
0.09 1.44 1.92 0 0.9 1.0 1.3 
 
At the surface the boundary conditions for the turbulent kinetic energy and its rate of 
dissipation depend on the wind shear, Us 
At z = : 
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 = 0             
      
   
   
  for          (2.24) 
where = 0.4 is the von Kármán constant, a 0.07 is and empirical constant and z s  is 
the distance from the surface where the boundary condition is imposed. At the seabed 
the boundary conditions are  
At z d : 
 
   
 
   
    
         
   
 
    
     (2.25) 
 
where b z is the distance from the bottom where the boundary condition is imposed. 
 
Horizontal eddy viscosity 
In many applications a constant eddy viscosity can be used for the horizontal eddy 
viscosity. Alternatively, Smagorinsky (1963) proposed to express sub-grid scale 
transports by an effective eddy viscosity related to a characteristic length scale. The sub 
grid scale eddy viscosity is given by 
 
     
                       (2.26) 
where cs is a constant, l is a characteristic length and the deformation rate is given by 
 
 
                       (2.27) 
 
 
 
2.3.4. Governing equations in Cartesian and sigma-co-ordinates 
 
The equations are solved using a vertical -transformation 
 
   
     
 
                            (2.28) 
 
where varies between 0 at the bottom and 1 at the surface. The coordinate 
transformation implies relations such as 
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               (2.29) 
 
 
                   (2.30) 
 
 
In this new co-ordinate system the governing equations are given as 
 
 
                (2.31) 
 
 
 
          (2.32) 
 
 
 
 
        
 (2.33) 
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              (2.35) 
 
 
 
 
 
    (2.36) 
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             (2.37) 
 
 
 
 
  
            (2.38) 
 
 
The modified vertical velocity is defined by 
 
 
             (2.39) 
 
 
The modified vertical velocity is the velocity across a level of constant . The 
horizontal diffusion terms are defined as 
 
     
                              (2.40) 
 
     
                 (2.41) 
 
                (2.42) 
 
 
The boundary condition at the free surface and at the bottom are given as follows 
At =1: 
 
      (2.43) 
 
 
At =0: 
 
 
              (2.44) 
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The equation for determination of the water depth is not changed by the co-ordinate 
transformation. 
 
2.3.5. 3D Governing Equations in Spherical and Sigma Co-ordinates 
In spherical co-ordinates the independent variables are the longitude, , and the 
latitude,. The horizontal velocity field (u,v) is defined by  
 
                 (2.45) 
 
 
where R is the radius of the earth. 
 
In this co-ordinate system the governing equations are given as (all superscripts 
indicating the horizontal co-ordinate in the new coordinate system are dropped in the 
following for notational convenience). 
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                    (2.52) 
 
 
 
 
 
         (2.53) 
 
 
 
The modified vertical velocity in spherical co-ordinates is defined by 
 
 
  (2.54) 
 
 
The equation determining the water depth in spherical co-ordinates is given as 
 
 
        (2.55) 
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2.4. FINITE APPROXIMATIONS 
 
Three kinds of commonly used methods have been shortly described to solve 
PDE´s systems. Also, an analyzing has been made to study their advantages and 
disadvantages on the application in the water bodies problems. 
 
2.4.1. Finite difference method (FDM) 
The finite element difference method (FDM) is the easiest method to use for 
simple geometry. The start point is to consider conservation equation in differential 
form. This differential  form is approximated by replacing the partial derivates by 
approximations  in  terms  of  the  nodal  values  of  the  functions.  The result is one 
algebraic equation per grid node. Therefore, the FDM is adequate to apply in 
rectangular grids (structured grids), and impossible in a unstructured grids. However, 
this   method   has   difficulties   in   application   to   complex   geometries.   Another 
disadvantage is that, in principle, the conservation is not enforced in the procedure. 
 
2.4.2. Finite element method (FEM) 
The finite element method (FEM) is similar to FVM. Also is appropriate to apply 
in unstructured meshes and with complex geometries. The concept of FEM is the 
equation of solution is multiplied for a weight function before they are integrated over 
entire domain. Then  the  equation  is  substituted  into  the  integral  of  the 
conservation law and, finally the equation in overall is derived and imposes zero in 
each node, which is the same to impose the best solution (the one  with minimum 
residual).  The result is a set of non-linear algebraic equations.  The principal 
disadvantage, which is shared by any method that uses unstructured grids, is that the 
matrices of the linerized equations are not as well structured as those for regular grid. 
Consequently it’s more difficult to efficient solution method. So in FEM underlying 
principles and formulations require a mathematical rigor. In the chapter 3.3 a practical 
reduced comparison has been done between FVM and FEM in general terms. 
 
2.4.3. Finite volume method (FVM) 
The finite volume method uses the integral form of the conservation equations as 
its starting point.  The domain is subdivided in elemental cells whose applies the 
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conservation equations. The elemental cells or volume is denoted by its centric, and in 
this faces is applied the integral form that establish a relation between neighbor cells. 
This method is conservative by construction  because the surface integral of normal  
fluxes  guarantee  the  conservation  proprieties  through  the  domain,  so  is suitable 
to apply in the diffusion-convection equation. As well is appropriate to be applied in 
a complex geometry using unstructured grids. However this method is difficult to 
apply in 3D in order higher than second. In this case the approach requires two levels 
of approximat ion:  interpolation and integrat ion.  Also,  the  FVM,  the 
characteristic  of  the  transport  equation,  where  only  two  arguments  appear,  the 
velocity is known and the concentration is unknown, allows that this method is the 
most appropriate according with the final system equations. This method is used in 
the program analyzed. 
 
2.4.4. Finite volume method for transport equation 
Another point of view of the FVM is: the transformation of the partial differential equation into 
a new equation where the variable in one cell is a function of the variable in the neighbour cells. 
The new function can be thought of as a weighted average of the concentration in the neighbouring 
cells. For example in 2D situation with the nort-south-est-west notation the formula becomes: 
 
     
                           
  
        (2.56) 
 
 
Fig. 2.2 North, South, East and West 
 
To obtain the weight coefficients the transport equation has to be applied. The convective flux 
and the diffusive flux in 2D will be calculated as follows: 
                            (2.57) 
                  
  
   
         (2.58) 
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Where A is the cell face. The values of the variables are given in the centre of the cells, but for 
the convective and diffusive flows must be evaluated in the cell surfaces. The result is a non-
staggered grid. So, it’s necessary to estimate the variables on the cell surface. In this case the first 
order upstream approximation is usually used. In the upstream the concentration of the cell surface 
is the same as the concentration in the cell on the upstream side of the cell side. So: 
If U =Uint  ⇒ Cij = Cj          (2.59) 
Else U =U out ⇒ C ij  = Ci          (2.60) 
The fluxes, according to the direction, in the computational molecule are: 
 
 
 
Fig. 2.3 Molecular notation 
 
 
      (2.61) 
      (2 - 
6.4) 
      (2.63) 
      (2.64) 
 
Imposing continuity: 
       (2.65) 
 
The equation is the next: 
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  (2.66) 
 
Where it is possible to identify the weighting factors: 
  (2.67) 
        (2.68) 
        (2.69) 
        (2.70) 
        (2.71) 
 
Where is easy to check: 
 
ap = a n + a s + a w + a e         (2.72) 
 
Finally is necessary to introduce the unsteady term. In this case, the mass change, m, 
in cell P can be written by: 
        (2.73) 
 
Where Vp is the volume. Otherwise for continuity is written: 
 
      (2.74) 
So, combining both equations gives: 
      (2.75) 
 
That is the same: 
32   Ariestides Kadinge Torry Dundu 
    (2.76) 
The additional term on the right side is the source term on the right side and can be 
divided into two terms. 
    (2.77) 
So the final equation weighted is. 
 
    (2.78) 
 
Check that in the derivation has been impose continuity. So, always that will be filled. 
This property is an important advantage of the FVM, overcoat in the problems about 
conservative lows. 
 
2.4.5. Comparison FVM vs FEM 
A reduced comparison between FVM and FEM are presented here. The comparison 
is in the hydrodynamic module, where both schemes are implemented for 
unstructured mesh.  The  first  is   implemented  in  the  experimental  phase  the  
second  in  the commercial software. 
 
Table 2.4 FVM vs. FEM 
 
 Stability: Max. Cr. Time computing 
FVM 0.5 4 hours 
FEM 1 7 hours 
 
It is shown that the FVM requires a Courant number smaller, which implies a time 
step smaller and in principle less fast. Therefore, in overall the FEM is slower than 
FVM. The reason is in the concept of the FEM, which the implementation requires  
more  code  lines  due  to  the  approach  and  interpolation  process,  so  the 
computational time increase. According to that, the implementation of FEM is more 
complex. Otherwise, in FVM there are only schemes of interpolation between cells 
and nodes. However the computational time depends the order of accuracy for the 
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scheme used. The fact to be easier the implementation in FVM allows set up the 
models for example in flood and dry analyses, where the resolutions via FEM present a  
high  difficult,  or  water  quality  modelling,  even  cycle  of  nutrients  in  aquatic 
ecosystem where involve large number of variables. 
 
 
2.5  NUMERICAL MODEL 
 
Numerical model is computer simulation,  the use of a computer to represent the 
dynamic responses of one system by the behavior of another system modeled after it. A 
simulation uses a mathematical description, or model, of a real system in the form of a 
computer program. This model is composed of equations that duplicate the functional 
relationships within the real system. When the program is run, the resulting 
mathematical dynamics form an analog of the behavior of the real system, with the 
results presented in the form of data. A simulation can also take the form of a computer-
graphics image that represents dynamic processes in an animated sequence. 
Computer simulations are used to study the dynamic behavior of objects or systems 
in response to conditions that cannot be easily or safely applied in real life. Additional 
mathematical equations can then be used to adjust the model to changes in certain 
variables, such as the amount of fissionable material that produced the blast. Simulations 
are especially useful in enabling observers to measure and predict how the functioning 
of an entire system may be affected by altering individual components within that 
system. (http://www.britannica.com/EBchecked/topic/130683/computer-simulation). 
This numerical  model analysis is according to the computer software that has been 
used. This computational  software is the MIKE 3 developed by DHI (Denmark 
Hydraulic Institute) in the frame of MIKE Zero packages.  
The  MIKE  3 is a software used with HD Module (Hydrodynamic module) version  
Flexible Mesh (FM)  is a general three dimensional modelling tool for oceanographic, 
coastal and estuarine applications. The Hydrodynamic Module included in MIKE 3 
Flow Model FM simulates unsteady flow taking into account density variations, 
bathymetry and external forcings.   
The main features and effects included in simulations with the MIKE 3 Flow Model 
FM – Hydrodynamic Module are Flooding and drying,  Momentum dispersion, Bottom 
shear stress, Coriolis force, Wind shear stress, Barometric pressure gradients, Ice 
coverage, Tidal potential, Precipitation/evaporation, Wave radiation stresses and  Sources 
34   Ariestides Kadinge Torry Dundu 
and sinks. 
The Hydrodynamic Module provides the basis for computations performed in many 
other modules, but can also be used alone. It simulates the water level variations and 
flows in response to a variety of forcing functions on flood plains, in lakes, estuaries and 
coastal areas.  
The model comprises various models for turbulence and incorporates dynamic 
baroclinic effects from salinity and temperature differences, so it is possible  to 
introduce the stratified flow presence. The model can depend on a number of 
external forcing as meteorological  effects  and  boundary  conditions.  The  mesh  is  
unstructured  and flexible, which provides an optimal flexibility while retaining an 
efficient numerical solution.  
The application areas are generally problems where flow, transport and/or 
baroclinic effects are important with emphasis on coastal and marine applications.  
Examples are assessment of hydrographic conditions for design, construction and 
operation of structures and plants in stratified and nonstratified waters, environmental 
impact assessment studies, coastal and oceanographic circulation studies, optimization of 
port and coastal protection infrastructures, lake and reservoir hydrodynamics, cooling 
water, recirculation and desalination, coastal flooding and storm surge, inland flooding 
and overland flow modeling and forecast and warning systems.  
This computational  software  solves  the  necessary  hydrodynamic  equations. 
However only a summary  about  the  hydrodynamics  numerical  module  has  been  
presented.  The main characteristics of the software are the next: 
 
Table 2.5 The main characteristics of the software 
 
Component of Numerical Solution MIKE 3 FM 
Dimension work 3D 
Integral method Eulerian 
Coordinate vector system Cartesian 
Cell element Prisms: Triangular extrusion 
Method generation mesh. Triangulation Delaunay 
Finite approx. for transport equation. FVM 
Method for resolution for transport equations. UPWIND 
Finite approx. for hydrodynamics 
equations. 
FEM/FVM 
Method for resolution for 
hydrodynamic equations. 
GMRES 
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The MIKE 3D allows to solve the hydrodynamic and transport problem in 3 
dimensional axis. As well, it is a Eulerian method, so it is focused on a fixed control 
volume and the changes in proprieties of the fluid that pass in and out of the volume. The  
other  point  of  view is the Lagrangian integral method, where the integral formulation 
considers a coordinate system that moves with the plume.  
The modelling system is based on the numerical solution of the three dimensional 
incompressible Reynolds averaged Navier-Stokes equations subject to the assumptions of 
Boussinesq and of hydrostatic pressure. Thus, the model consists of continuity, 
momentum, temperature, salinity and density equations and it is closed by a turbulent 
closure scheme. The density does not depend on the pressure, but only on the temperature 
and the salinity. For the 3D model, the free surface is taken into account using a sigma-
coordinate transformation approach or using a combination of a sigma and z level 
coordinate system. 
 
 
2.6  FLOOD RISK MANAGEMENT 
 
Flood risk is the combination of the probability of a flood event and of the potential 
adverse consequences to human health, the environment and economic activity 
associated with a flood event. 
Flood plain maps indicate the geographical areas, which could be covered by a flood 
according to one or several probabilities: floods with a very low probability or extreme 
events scenarios; floods with a medium probability; floods with a high probability.  
Flood hazard maps are detailed flood plain maps complemented with: type of flood, 
the flood extent; water depths or water level, flow velocity or the relevant water flow 
direction. 
Flood risk maps indicate potential adverse consequences associated with floods 
under several probabilities, expressed in terms of: the indicative number of inhabitants 
potentially affected; type of economic activity of the area potentially affected; 
installation which might cause accidental pollution in case of flooding; other 
information which the Member State considers useful. 
Coastal flood risk is a complex function of loading, dyke property, floodplain 
topography and geographical location and type of assets in the flood. An assessment 
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that considers the condition is limited only at the point of system design, has quite 
captured the behavior of critical systems. In applying the methodology to the coastal 
system, the maximum risk does not correspond to the location of the maximum 
probability of failure. However, this can be ignored for systems where the consequences 
are likely to be similar for all states of system failure. 
Risk can be defined as the possible consequences (damage, loss, etc.) that may result 
from the impact of an event on the exposure (the risk) associated with the vulnerability 
of certain events. Risk can be thought of as a combination of hazards, vulnerability, and 
exposure. An event that results in unacceptable consequences can be considered a high 
risk of events even if the likelihood is low. Similarly, the impact / low frequency events 
can trigger a higher cumulative consequences are acceptable. Such events can be 
considered as high risk despite the individual impact of each event is low. Risk can be 
described as subjective (e.g. high, medium, or low) or mathematically (e.g. probability 
of 10% in 50 years). Risk combines the following three elements:.  
 The value of risk (Exposure).  
 Hazard (source of danger; possibility that the potential harm will occur). 
 Vulnerability (probability that the value at risk are vulnerable to potential damage, 
financial loss, etc.;) 
Risk assessment to define the nature and severity of risk issues through two main 
steps:  
1. Identification of risk focuses on four tasks:  
o Clarify the purpose and objectives of risk management,  
o Identify what exposure is required to achieve these goals and objectives,  
o Identify potential hazards, and  
o Assess the vulnerability of exposure to potential hazards identified.  
2. Risk analysis examined the importance of the risks identified in the public's ability to 
achieve the goals set and goals. A hurry in understanding the nature of the danger and 
uncertainty of the impact of hazards which are estimated to be less accurate risk 
assessment. 
Risk evaluation is a process to evaluate what to do about the risks, including 
evaluating the feasibility of interventions possible risks. Integrating risk assessment 
with the goals and objectives of the risk management system. 
Hazard Mapping and Risk Assessment is part of the policy and planning phases of 
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development and risk management program because it serves to build the foundation of 
this program. The feasibility study is also part of the planning stage as a full range 
evaluated on their ability to meet program goals and objectives set. Plan Procedure 
provides specific guidelines for placing elements of the plan into action. Training, 
education, training, and after-action reports to support the continuous improvement 
necessary to take advantage of the lessons. Risk indicators that are used to determine 
whether the program is still on track and to assess what progress has been made. 
In risk management, exposure to potential losses are broadly classified into four 
general categories: personnel, liability, property, and income. The cause of the potential 
loss of between and within each category will vary widely, including losses associated 
with the impact of natural hazards, however, a unifying characteristic is whether the 
potential exposure to loss is likely to prevent the public from the risk management 
program to achieve defined goals and objectives. When all contributed to the loss is 
identified, the most important they can be identified and included in the risk 
management program. In this way, one can develop a comprehensive picture of what is 
contributing to the organization's risk. Reduce the impact of natural hazards can be 
combined with strategies to mitigate potential losses associated with another accident or 
business impact. Address the impact of non-natural hazards that result in a significant 
risk to the community may also reduce the impact of natural hazards even though by 
itself that the danger would not be significant. There are seven methods are commonly 
used by stakeholders to gather information about the potential loss exposure, including 
information about the values at risk, hazard and vulnerability. These methods provide 
input for risk assessment, including risk identification and analysis of the importance of 
that risk to the community risk management program. Hazard mapping is a tool to 
display the results. Risk map can also be used to display the results from its impact on 
public exposure comes.  
The Coastal Hazard Analysis and Mapping process involves a series of steps include: 
1. Defining a base topography data set sufficient for analysis and mapping 
2. Defining cross-shore transects to represent terrain and variability of shoreline 
features 
3. Conducting analyses to characterize storm-induced erosion which may occur 
within coastal areas 
4. Conducting overland wave modeling to define coastal hazard areas and establish 
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base flood elevations  
5. Mapping of coastal hazard areas utilizing the results of modeling and analysis 
 
 
2.7  STORM SURGE MODEL TO DEVELOP THE COASTAL HAZARD 
MANAGEMENT PLAN 
 
The storm surge model was used to develop the disaster risk management plan, 
including evacuation plans and storm surge mitigation measures for the Burdekin Shire. 
The primary aim of the study was to minimize the risk of death and injury due to storm 
surge events with a secondary aim of reducing flooding isolation and infrastructure 
damage. (Savioli, 2003, http://www.mssanz.org.au/MODSIM03/Volume_02/A12/03_ 
Savioli.pdf). 
The assessment of storm surge levels and the associated inundation areas during 
design storm conditions was carried out for a range of cyclone conditions. These 
conditions were based on four variables, namely: cyclone strength and bearing, cyclone 
landfall area and tidal water level conditions. These conditions were defined based on a 
sensitivity analysis of likely storm conditions. 
The results of these simulations provided the basis to determine the maximum storm 
surge water levels as well as the inundation areas for each of the design events. These 
results were applied to define the disaster risk management plan.  
Wei-Po Huang (2007), Using numerical model to predicting the  surge heights along 
the coastal areas of the northern Taiwan. The meshes used in the model consist of 
triangular unstructured grids, and this increases the flexibility for the cases of irregular 
coastlines and narrow estuaries. It also increases the efficiency of the simulation. For 
deep, open sea regions, larger meshes can be used. It is therefore concluded that, the 
numerical model proposed in this study are all capable of predicting the surge hazard or 
northern Taiwan. 
Satoshi Iizuaka, et all., 2010,  have been estimated the potential flood risk in the Seto 
Island Sea, Japan, under the global warming scenario. In 2100, the increase in sea level 
is about 10 cm, while the storm surge induced by Typhoon Chaba has increased by about 
40 cm, suggesting an increase in disaster risk around coastal area in future. However, the 
simple typhoon model cannot give reasonable atmospheric fields, in particular, around 
the coastal ocean with complex topography and midlatitude. Therefore, it is necessary to 
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estimate storm surge by using sophisticated atmospheric models. 
Ken’ichi Torii (2003),  Typhoons have caused catastrophic damage by flooding due to 
storm surges in Japanese history. There are two main factors of small number of severe 
storm surge flood in recent 40 years. One is construction of coastal dyke against storm 
surge, the other is improvement of weather forecast system. These factors made 
residents in coastal area feel as if their houses had been safe from storm surge flood. 
Contemporary structure of great cities in coastal area is a complex including ground 
space and underground space. Storm surge larger than designed level in shore protection 
works may cause severe flood disaster of unexpected process in the great cities. 
One of effective countermeasures against storm surge disaster is hazard maps on 
storm surge, however, the maps have not been distributed overall in Japan. The method 
of risk assessment for the map has not been established completely. 
There are some matters for making hazard maps on storm surge flood. One is how to 
set tide level and wave overtopping rate as boundary conditions of flood simulation. 
Return period of high tide level has not been evaluated accurately because of short 
period of tidal observation. Dependency of wave height on tide level also makes it 
difficult to evaluate return period of wave overtopping rate. 
Second one is how to judge coastal dyke break. Most of coastal area in Japan is 
protected from storm surges and high waves by coastal dykes in designed level. 
Although most of coastal dyke is armored with concrete or asphalt, tide level and wave 
higher than designed level may break coastal dyke. 
From the viewpoint of mitigating fatalities, risk assessment on storm surge flood can 
be conducted as shown in Fig. 2.4. 
 
 
 
Fig. 2.4 Schematic view of storm surge flood (Torii) 
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If houses could be inundated due to a storm surge, the residents should evacuate to 
designated safe locations prior to any danger. Whether evacuation is required can be 
evaluated based on the maximum flood depth obtained from flood analysis using the 
worst scenario. 
On the other hand, safety for evacuation depends on time for flood to reach each 
point as well as the maximum flood depth. In a low plain field, people in evacuation is 
safer at points far from the shoreline because it takes a long time for flood to reach there, 
although significant variation in the maximum flood depth is not observed throughout 
inundated area. 
In Japan, Cabinet Office (Disaster Management), 2004, to promote the manual of the 
Tsunami and Storm Surge Map. The manual provided the purposes of preparing tsunami 
and storm surge hazard maps, procedure for preparing tsunami and storm surge hazard 
maps, methods for identifying inundation risk areas, methods for preparing tsunami and 
storm surge hazard maps from the results of inundation prediction and how to use of 
tsunami and storm surge hazard maps. Ministry of Land, Infrastructure, Transport and 
Tourism (MLIT) of Japan in Coastal Management in Japan provided a description of the 
overview of coasts in Japan, mechanism of coastal administration in Japan, coastal 
projects in Japan, outlook of coastal conservation and outlook for coastal zone 
management. 
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Chapter 3 
 
ANALYSIS ON STORM SURGE 
CHARACTERISTICS IN SAGA LOWLAND BY A 
SIMULATION OF PAST TYPHOONS 
 
 
3.1  INTRODUCTION 
 
Every year Japan territory crossed by typhoon with variety of categories, ranging 
from wind speed categories from the smallest to the largest. There are 3 typhoons that 
gave big damages to the nation. First is typhoon Muroto (1934), that caused big 
damages to the buildings, large inundated area for about 92,740 ha and 2,702 human 
casualties. Second is typhoon Makurazaki (1945) that damaged some buildings, resulted 
to large inundated area for about 8,98 x 104 ha and 1,229 people also lost their lives 
during this typhoon. Lastly, Typhoon Ise-wan (1959) which also gave the same impacts 
as the first two typhoons mentioned. The Typhoon Ise-wan created large inundates on 
about 8.34 x 105 ha area and 5,098 people killed. From 1952 to 2011 has occurred 72 
typhoon passing through Saga and within a radius of 150 km where the typhoon Ruth 
(1951), Wilda (1964), Songda (2004), Nabi (2005), Chaba (2004) and several other 
typhoons provide damage and casualties on the island of Kyushu.  
Kyushu Island is often passed by typhoon. In this island there is Ariake Sea with the 
area of 1,700 km2 along the inner bay with 96 km of the bay axis and 18 km of the 
average width and faced on 4 prefectures i.e. Nagasaki, Saga, Fukuoka and Kumamoto. 
This sea is characterized by a macro tidal range (3-6 m) which is the largest tidal range 
in Japan (Kato and Seguchi, 2001; Hiramatsu et al., 2005; Tsutsumi, 2006). Most of the 
areas in Saga Prefecture are adjacent to the Ariake Sea mainly lowland areas with a very 
small slope, so once the sea water enters these areas it will immediately create large 
inundated area despite the fact that these areas are being used for agricultural, offices, 
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residential, airport and etc. However, the Japanese government has built coastal dyke 
along the shorelines and river within this areas with the maximum height of 7.5m.  
Characteristics of the typhoon is high wind speed with wind direction changing and 
the higher the wind speed is accompanied by lower air pressure. The wind speed causes 
sea levels rise causing storm surges. Wind direction changes causes change of water 
flow.    
The aim of this study  is to estimate the impact of storm surge by the Typhoon 
Songda (T200418), Typhoon Nabi (T200514), Typhoon Wilda (T196420) and Typhoon 
Pat (T198513) that ever crossed the region in Saga Lowland and the surroundings. 
 
3.2 STUDY AREAS 
 
Study areas are Saga lowland and the surroundings. Fig.1 shows the studied area 
and measured lines, that is Line L1, Line L2, Line L3, Line L4 and Line L5. 
 
 
 
Fig. 3.1  Study Area 
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3.3 COMPUTATIONAL TOOLS AND METHODOLOGY 
 
3.3.1 Computational Tools 
The MIKE 3 Flow Model Flexible Mesh (MIKE 3 FM) developed by DHI 
(Denmark Hydraulic Institute) in the frame of MIKE ZERO packages. The MIKE 3 FM 
is applicable to the simulation of hydraulic and related phenomena in lakes, estuaries, 
bays, coastal areas and seas. This software is a modelling system based on a flexible 
mesh approach.  
 
3.3.2 Methodology 
This hydrodynamic modelling uses the MIKE 3 FM for the numerical simulation. 
The result of this simulation is analyzed by creating comparison based on the result. 
In the numerical simulations, the following data are taken as input data; 
bathymetrical data, topographical data, wind data (speed and direction), some of the 
water level at stations, and time step of simulation. 
a) Bathymetric data are obtained from the Ariake Project of Saga University in the 
form of water depth in the Ariake Sea and other areas in the southern of Kyushu 
Island, from longitude 128
o
 - 131
o
 and latitude 30
o
 - 34
o
.  
b)  Topographic data are obtained from 50 m DEM of Japan supplied by Geospatial 
Information Authority of Japan. The elevation is taken up 20 m considering the 
number of points will determine the processing time on the computer and the 
assumption that the boundary conditions for groundwater is 10 m.  
c)  Wind Data in the form of wind speed and wind direction at Nagasaki station.  
d) The water level in some stations are also used for the calibration of the model.  
e) The simulation was taken from September 7, 2004 00:00:00 to September 8, 2004 
01:00:00 when the Typhoon Songda (T200418) passed through the Ariake Sea area. 
As for the typhoon Nabi (T200514) and typhoon Wilda (T199920) taken at the time 
of the typhoon. However, for the needs of the comparison between these typhoons, 
the same amount of time is taken. 
f) For simulations using wind data from Typhoon Pat (T198513) on August 30-31, 
1985 with the tidal level as it did at the time. 
g)  Data taken from the meteorological station nearest to the open boundary.  The 
location of the open boundary is based on the mesh. To a large mesh area, used data 
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from Nagasaki meteorological station, to the middle area of the mesh used data 
from the Misumi meteorological station, while for small mesh area used data from 
the Chikugo River Office at Synthetics tower. 
 
 
3.3.3 Scenarios 
 
In this study used seven scenarios are divided into 3 groups, namely Group 1 
consisted of three scenarios. This group consists of songda typhoon, typhoon and 
typhoon Wilda prophet with wind data from Nagasaki station and a large mesh area. 
Group 2 used data from the Chikugo River Office at Synthetics tower because it uses a 
small mesh area. This group consists of three scenarios with typhoons are the same as 
group 1. Group 3 is the scenario with the data typhoon Pat. in this scenario used the data 
from the Misumi station because the mesh area is middle and at these time the 
conditions of tidal is high. Group scenarios can be seen in table 3.1 - table 3.3. 
 
Table 3.1 Considered Scenarios Group 1 
 
Item 
Scenario 
Remark I II III 
SONGDA (S) NABI (N) WILDA (W) 
Wind Speed Nagasaki station (NS) NS NS 
Interpolated 
from 5 stations 
Wind Direction NS NS NS 
Initial Condition Water Level (WL) WL WL 
Open Boundary  Tide Level (TL) TL TL 
Land-water Boundary Mesh Mesh Mesh 
Mesh Big Big Big 
 
 
 
Table 3.2 Considered Scenarios Group 2 
Item 
Scenario 
Remark I II III 
SONGDA (S) NABI (N) WILDA (W) 
Wind Speed Nagasaki station (NS) NS NS 
Interpolated 
from 5 stations 
Wind Direction NS NS NS 
Initial Condition Water Level (WL) WL WL 
Open Boundary  Tide Level (TL) TL TL 
Land-water Boundary Mesh Mesh Mesh 
Mesh Small Small Small 
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Table 3.3 Considered Scenarios Group 3 
Item PAT (P) Remark 
Wind Speed Misumi station (M) 
Interpolated 
from 5 stations 
Wind Direction M 
Initial Condition Water Level (WL) 
Open Boundary  Tide Level (TL) 
Land-water Boundary Mesh 
Mesh Middle  
 
 
3.4 RESULT AND DISSCUSIONS  
 
3.4.1 Group Scenario 1 
 
a. Computational Mesh   
In the first scenario group used computational mesh the Ariake Sea and Saga 
Lowland as shown in the Table 3.4 and Fig. 3.2. 
 
Table 3.4 Information of Computational Mesh 
Item Amount 
Number of elements 229130 
Number of faces 601363 
Number of nodes 132154 
Number of sections 2 
Min x-coordinate 569840.053 
Max x-coordinate 672318.943 
Min y-coordinate 3545228.06 
Max y-coordinate 3695657.03 
Min z-coordinate -140.87864 
Max z-coordinate 9.985488 
 
 
 
 
Fig. 3.2 Mesh of simulation area 
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b. Measurement location 
Fig. 3.3 shows the measured lines, that is Line L1, Line L2, Line L3, Line L4 and 
Line L5. 
 
Fig. 3.3 Measurement lines 
 
c. Initial Condition and Boundary Condition   
Initial condition is a form of surface water level data on September 7, 2004, 12: 00: 
00 that is interpolated by using data taken from several stations of Fukue, Nagasaki, 
Ushibuka, Kuchinotsu, Misumi and Ooura. These numerical simulations are used to 
limit land water boundary in which the elevation of the land boundary by about 10 m 
(created  manually using line arch menu in MIKE 3 FM) and open boundary that 
contains the tidal elevation at Nagasaki station. 
 
c. Model Calibration  
For the calibration of the models, the result of the surface level at Nagasaki and 
Kuchinotsu, are shown in Fig. 3.4 and 3.5 respectively. 
 
Fig. 3.4 Calibration at Nagasaki 
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Fig. 3.5 Calibration at Kuchinotsu 
 
3.4.2 Simulation Result and Discussions 
The simulation results obtained at 5 predetermined locations are in the following. The 
maximum value for each location are shown in Table 3.5. 
 
Table 3.5 Result of Simulation of Scenario Group 1 
Loc. Item 
SONGDA NABI WILDA 
Wl (m) Cs (m/s) Wl (m) Cs (m/s) Wl (m) Cs (m/s) 
L1 
Max. 1.670 0.259 1.574 0.259 1.512 0.519 
TS 12 3 12 3 12 12 
L2 
Max. 1.684 0.148 1.553 0.161 1.304 0.691 
TS 12 12 12 12 18 12 
L3 
Max. 1.714 0.172 1.517 0.173 1.332 0.443 
TS 12 3 12 3 18 12 
L4 
Max. 2.139 0.257 1.917 0.257 1.748 0.491 
TS 12 3 12 3 18 18 
L5 
Max. 1.709 0.123 1.529 0.181 1.364 0.448 
TS 12 3 12 24 18 12 
 
where: 
Wl  : Water level   Cs : Current speed 
Max. : Maximum value  TS : Time step of simulation 
 
To compare the results obtained from typhoon Nabi and typhoon Wilda, these 
results are compared with that of typhoon Songda by creating non-dimensional 
parameters between each typhoon with typhoon Songda. These comparisons are called 
water level index and current speed index.  
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Simulation Result at L1 
The following figure presents the results of the simulation on L1 to water level and 
current speed. For measurement location L2 which located at Shiroishi (Shinmei). 
 
Fig. 3.6 Water level and current speed caused by typhoon Songda at L1 
Where: 
WL   = water level (m) c  = current speed (m/s) 
value : 0,3,6,... = time step  S, N, W = typhoon name = Songda, Nabi, Wilda 
 
Fig. 3.6 shows that the highest water level occurred at time step 12 and distance of 
3,456 m for 1.675 m, as for the largest current speed occurred at time step 3 and distance 
of 5,760 m for 0.125 m/s. The water level index for typhoon Nabi and typhoon Wilda as 
shown in Fig. 3.7 below shows that typhoon Nabi produced the lowest index which is 
0.483 that occurred at time step 18 and distance of 1,728 m. While typhoon Wilda 
produced the highest index which is 1.399 at time step 9 and distance of 1,728 m. 
 
 
Fig. 3.7 Index of water level of typhoon Nabi and typhoon Wilda at L1 
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Fig. 3.8 shows the index results of the current speed where the highest index of 
12.121 produced by typhoon Wilda at time step 9 and distance of 1,728 m while the 
lowest index of 0.008 also produced by typhoon Wilda at time step 3 and distance of 
5,764 m. 
 
Fig. 3.8 Index of current speed of typhoon Nabi and typhoon Wilda at L1 
 
Simulation Result at L2 
This measurement location in Shiroishi (Hachihei). The highest water level for 
typhoon Songda is 1.684 m at time step 12 and distance of 4,340 m while the highest 
current speed of 0.148 m/s occurred at time step 12 and distance of 3,472 m, as shown in 
Fig. 3.9. 
 
Fig. 3.9 Water level and current speed caused by typhoon Songda at L2 
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Fig. 3.10 shows the water level index and Fig. 3.11 shows the current speed index 
of typhoon Nabi and typhoon Wilda. Fig. 10 shows that typhoon Wilda produced the 
highest water level which is 2.745 at time step 18 and distance of 3,472 m and the 
lowest index of 0.450 produced by typhoon Nabi at time step 18 and distance of 4,340 m.  
 
 
Fig. 3.10 Index of water level of typhoon Nabi and typhoon Wilda at L2 
 
The highest current speed index produced by typhoon Wilda which is 10.649 at 
time step 9 and distance of 4,340 m, as for the lowest current speed index of 0.737 is 
produced by typhoon Nabi at time step 24 and distance of 4,340 m, as shown in Fig. 
3.11 below. 
 
 
Fig. 3.11 Index of current speed of typhoon Nabi and typhoon Wilda at L2 
0
0.5
1
1.5
2
2.5
3
0
8
6
8
1
7
3
6
2
6
0
4
3
4
7
2
4
3
4
0
5
2
0
8
6
0
7
6
6
9
4
4
7
8
1
2
8
6
8
0
9
5
4
8
In
d
e
x 
o
f w
at
e
r 
le
ve
l 
Distance (m)
Bottom layer WL  0 N WL 3 N WL  6 N WL  9 N
WL  12 N WL  18 N WL  24 N WL  0 W WL  3 W
WL  6 W WL  9 W WL  12 W WL  18 W WL  24 W
0
2
4
6
8
10
12
14
16
0 868 1736 2604 3472 4340 5208 6076 6944 7812 8680 9548
In
d
e
x 
o
f C
u
rr
e
n
t 
sp
e
e
d
Distance (m)
Ix c 0 N Ix c 3 N Ix c 6 N Ix c 9 N Ix c 12 N
Ix c 18 N Ix c 24 N Ix c 0 W Ix c 3 W Ix c 6 W
Ix c 9 W Ix c 12 W Ix c 18 W Ix c 24 W
51   Ariestides Kadinge Torry Dundu 
Simulation Result at L3 
This measurement location is located in Shiroishi (Fukudomi).  The highest water 
level was recorded on scenario 1 which is typhoon Songda is 1,714 m at time step 12.00, 
while the highest current speed of 0.172 occurred at time step 3 and distance 5,504 m 
(Fig. 3.12).  
 
Fig. 3.12 Water level and current speed caused by typhoon Songda at L3 
 
Fig. 3.13 shows the water level index while Fig. 14 shows the current speed index 
of typhoon Nabi and typhoon Wilda. 
 
Fig. 3.13 Index of water level of typhoon Nabi and typhoon Wilda at L3 
 
In Fig. 3.13, it shows that the highest water level index belongs to typhoon Wilda 
which is 2.732, occurred at time step 18 and distance of 4,816 m while the lowest of -
0.013 is also produced by typhoon Wilda at time step 9 and distance of 6,880 m. 
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Fig. 3.14 shows that the highest current speed index of 8.463 produced by typhoon 
Wilda at time step 9 and distance of 4,816 m and the lowest index belongs to typhoon 
Nabi which is 0.667 at time step 9 and distance of 6,880 m. 
 
 
Fig. 3.14 Index of current speed of typhoon Nabi and typhoon Wilda at L3 
 
Simulation Result at L4 
 Fig. 3.15 below shows the simulations result at the L4 measurement location which 
located at Higashiyoka area. The highest water level for typhoon Songda at this location 
is 2.138 m at 12.00 and distance of 678 m while the highest current speed which is 0.257 
m/s occurred at time step 3 and distance of 85 m. 
 
 
Fig. 3.15 Water level and current speed caused by typhoon Songda at L4 
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Fig. 3.16 Index of water level of typhoon Nabi and typhoon Wilda at L4 
 
Fig. 3.16 shows the water level index and Fig. 3.17 shows the current speed index 
of typhoon Nabi and typhoon Wilda. Fig. 3.16 shows that typhoon Wilda produced the 
highest water level index which is 1.872 at time step 18 and distance of 595 m and the 
lowest index of 0.323 produced by typhoon Wilda too at time step 18 and distance of 
595 m.  
Fig. 3.17 shows that the highest current speed index of 4.160 produced by typhoon 
Wilda at time step 9 and distance of 595 m and the lowest index belongs to typhoon 
Wilda which is 0.282 at time step 12 and distance of 255 m. 
 
 
Fig. 3.17 Index of current speed of typhoon Nabi and typhoon Wilda at L4 
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Simulation Result at L5 
 This measurement location is located at Saga Airport where the simulation results 
from 3 scenarios revealed that the water level not exceeded the height of coastal dyke. 
Fig. 3.18 shows the highest water level produced by typhoon Songda is 1.709 m at 
time step 12 and distance of 2,088 m. As for the highest current speed which is 0.123 
occurred at time step 3 and distance of 5,220 m. (Fig. 3.19). 
 
Fig. 3.18 Water level and current speed caused by typhoon Songda at L5 
 
Fig. 3.19 shows the water level index from both typhoon Nabi and typhoon Wilda 
to typhoon Songda, where typhoon Wilda produced the highest index of 2.717 at time 
step 18 and distance of 2,088m. Typhoon Wilda also produced the lowest index of -
0.267 at time step 9 which occurred at the distance of 2,088 m. 
 
 
Fig. 3.19 Index of water level of typhoon Nabi and typhoon Wilda at L5 
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Fig. 3.20 below shows the current speed index recorded from typhoon Nabi and 
typhoon Wilda, where the highest index of 9.302 recorded under typhoon Wilda which 
occurred at time step 12 and distance of 2,610 m while typhoon Nabi produced the 
lowest index of 0.313 that occurred at time step 12 and distance of 2,088 m. 
 
 
 
Fig. 3.20 Index of current speed of typhoon Nabi and typhoon Wilda at L5 
 
Discussion  
Of the 3 scenarios simulated in all locations of measurement, it can be concluded 
that scenario 1 which is typhoon Songda obtained the highest water level. Scenario 3 for 
typhoon Wilda as the lowest water level and in some locations, the water level for 
scenario 3 is lower than the water level on the initial condition. However, Typhoon 
Wilda has the largest current speed while typhoon Songda has the smallest current speed, 
whereas for direction of the current speed and time are dynamic.  
However, if there are index for water level and current speed in every point at every 
measurement locations, it shows that the typhoon Wilda produced the highest index in 
all measurement locations and typhoon Nabi produced the lowest index in some 
measurement locations. This is possible because in some locations there is very little 
comparative value, resulting in a large index value. 
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3.4.2 Group Scenario 2 
a. Measurement location 
In this study measurements locations selected in the estuary area of the 
Rokkaku River stuary,  Kase River estuary and the surroundings. Fig. 3.21 
shows the studied areas and measured lines, that is line S, Line R, Line O, Line K and 
Line H. 
 
 
 
Fig. 3.21  Study Area and measured lines 
 
b. Computational Mesh 
The model calculation was established by a computational mesh of the Ariake Sea 
and Saga Lowland as shown in Fig. 3.22 and Table 3.6. 
 
 
 
Fig. 3.22 Mesh of simulation area 
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Table 3.6 Information of Computational Mesh 
 
Item Amount 
Number of elements 289740 
Number of faces 756154 
Number of nodes 162481 
Number of sections 2 
Min x-coordinate 594391.581 
Max x-coordinate 655838.222 
Min y-coordinate 3647177.31 
Max y-coordinate 3695657.03 
Min z-coordinate : -26.612324 
Max z-coordinate 10.004099 
 
 
c. Data used 
In the numerical simulations, the data are taken as input data; bathymetrical data, 
topographical data, wind data (speed and direction), some of the water level at stations, 
and time step of simulation. The wind data in the form of wind speed and wind direction 
from Chikugo River Office at Synthetics tower.  
 
d. Scenario 
This group scenario 2 uses 3 scenarios. Scenario 1 is typhoon Songda (T200418), 
scenario 2 is typhoon Nabi (T200514), and scenario 3 is typhoon Wilda (T196420) 
shown in table 3.2. 
 
e. Calibration of the Model 
Calibration of the model is conducted at Ooura with respect to water level changes 
as shown in Fig. 3.23. 
 
 
Fig. 3.23 Calibration of the model at Ooura 
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f. Numerical simulation results 
The simulation results obtained at 5 predetermined locations are discussed in the 
following. Water levels are summarized in Table 3.7, where the highest water level 
generated by typhoon Songda in Line O is 2.562 m. As for the result of typhoon Nabi 
and Wilda, the highest water level are 2.461 m and 2.316 m respectively. The overall of 
typhoon Songda resulted in the highest water level in each location.  
As it is shown in Table 3.8, the results of the measurements of the current speed for 
each location, where the typhoon Wilda resulted in Kasegawa is the largest current 
speed i.e. 0.715 m/s in the direction 23.065o at 16.00. For typhoon Nabi and typhoon 
Songda, the largest current speed is 0.457 m/s and 0.448 m/s respectively. From the 
simulation results, it is seen that there is no current speed exceeds 1 m/s in all scenarios. 
 
Table 3.7 Simulation results on water level 
Location Component Songda Nabi Wilda 
Shiroishi 
level (m) 2.185 2.16 1.939 
time (hour) 24 12 24 
Rokkakugawa 
level (m) 1.949 1.628 1.53 
time (hour) 24 3 24 
Ashikari 
level (m) 2.562 2.461 2.316 
time (hour) 24 12 24 
Kasegawa 
level (m) 2.166 1.922 1.643 
time (hour) 24 12 24 
Higashiyoka 
level (m) 2.276 2.125 1.982 
time (hour) 24 12 24 
 
 
Table 3.8 Simulation results on current speed 
Location Component Songda Nabi Wilda 
Shiroishi 
Speed (m/s) 0.285 0.225 0.424 
Direction (
o
) 175.796 4.892 188.018 
time (hour) 24 11 17 
Rokkakugawa 
Speed (m/s) 0.448 0.457 0.672 
Direction (
o
) 315.929 315.614 310.349 
time (hour) 11 11 13 
Ashikari 
Speed (m/s) 0.342 0.346 0.642 
Direction (
o
) 16.128 14.214 199.823 
time (hour) 11 11 17 
Kasegawa 
Speed (m/s) 0.343 0.422 0.715 
Direction (
o
) 314.187 16.727 23.065 
time (hour) 22 11 16 
Higashiyoka 
Speed (m/s) 0.34 0.253 0.363 
Direction (
o
) 341.672 11.02 200.935 
time (hour) 21 11 17 
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Simulation Result at Line S 
The following figure presents the results of the simulation on S at Shiroishi 
(Fukudomi) to water level and current speed. For measurement line R which located at 
Rokkaku River estuary. 
 
Fig. 3.24 Simulation results of water level results at measurement line S (Shiroishi) 
 
where : 
S, N, W = typhoon name  = Songda, Nabi and Wilda 
value : 0,3,6,...  = time step 
 
Fig. 3.25 shows that the water level change occurred for all scenarios. The highest 
water level occurred by scenario at time step 24 is 2.185 m (table 3.7). The current speed 
results as shown in Fig. 3.26 below shows that typhoon Wilda produced the highest 
current speed which is 0.424 m/s with direction 188.018
o
 that occurred at time step 17 
(Table 3.8).  
 
Fig. 3.25 Simulation results of current speed results at measurement line S (Shiroishi) 
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Simulation Result at Line R 
 The measurement location is in Rokkaku River estuary. The highest water level 
for typhoon Songda is 1.949 m at time step 24 by typhoon Songda (scenario 1). Fig. 
3.26 shows the water level change  for all scenarios. 
 
 
Fig. 3.26 Simulation results of water level at measurement line R 
  
 
Fig. 3.27 Simulation results of current speed at measurement line R  
 
Fig. 3.27 shows the simulation results for current speed for all scenarios. The highest 
current speed of 0.672 m/s occurred at time step 13 and direction  of 310.349
o
 (Table 
3.8). 
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Simulation Result at Line O 
The measurement location is located in Ogi town where in another study called 
Ashikari.  The highest water level was recorded on scenario 1 which is typhoon Songda 
is 2.562 m at time step 24.00. This water level is a highest for all scenarios.  Fig. 3.28 
shows the water level change at line O for all scenario. 
 
 
 
Fig. 3.28 Simulation results of water level at measurement line O 
 
The highest current speed of 0.642 m/s occurred at time step 17 by typhoon Wilda 
(scenario 3) with the direction is 199.823
o
.  Fig. 3.29 shows the current speed for all 
scenarios. 
 
 
Fig. 3.29 Simulation results of current speed at measurement line O  
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Simulation Result at line K 
 The measurement line K is located in Kase River estuary. From this simulation 
obtained the highest water level generated by scenario 1 which is typhoon Songda is 
2.166 m at time step 24.00. Fig. 3.30 shows the water level change at line K for all 
scenarios.  
 
 
Fig. 3.30 Simulation results of water level at measurement line K 
 
In this measurement location, the highest current speed obtained by typhoon Wilda 
is 0.715 m/s at time step 16.00 with the direction is 23.065
o
. Fig. 3.31 can be show the 
current speed change at line K for all scenarios. 
 
 
 
Fig. 3.31 Simulation results of current speed at measurement line K 
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e. Simulation Result at measurement line H 
The measurement location is located at Higashiyoka where the simulation results 
from 3 scenarios revealed that the water level not exceeded the height of coastal dike. 
The highest water level produced by typhoon Songda is 2.276 m at time step 24.  
 
 
 
Fig. 3.32 Simulation results of water level at measurement line H 
 
Fig. 3.32 shows the water level change for all scenarios. As for the highest current 
speed which is 0.363 m/s occurred at time step 17 and direction of 200.935
o
. Fig. 3.33 
shows the current speed change for all scenarios. 
 
 
Fig. 3.33 Simulation results of current speed at measurement line H 
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In addition, in the form of tables, MIKE 3 FM also provides output in graphical 
form either horizontally or vertically even in video form. Here is the output in the form 
of a cross section for the current speed along the Line K as shown in Fig. 3.34. The 
cross section is divided into 10 layers where vector of the current speed is described for 
each layer. Fig. 3.34 shows the vector of current speed and layer profile too. 
 
 
 
Fig. 3.34 Vertical profile of current speed along Line K 
 
 
3.4.3 Group Scenario 3 
 
In 1985, there was a disaster in Ashikari, Saga Prefecture reported by Cabinet 
Office Japan Government, This was caused by typhoon PAT (T198513). This was 
occurred during the high tide in the Ariake Sea. 
The aim of this study is show the analyzed results of the impact of storm surge by 
the typhoon PAT (T198513) that ever crossed the region in Saga Plain and the 
surroundings.  
 
a. Measurement lines 
Study areas are Saga lowland and the surroundings especially in the neighborhood 
of Ashikari, Saga Prefecture. Fig. 3.35 shows the studied area and measured lines 
named as  (S) Shiroishi, (R) Rokkaku River estuary, (A) Ashikari, (K) Kase River 
estuary and  (H) Higashiyoka 
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Fig. 3.35 Measurement lines 
 
 
where; 
Line S is located in Shiroishi (Fukudomi) 
Line R is located in the Rokkaku River estuary 
Line A is located in Ogi town that called Ashikari 
Line K is located at the Kase River estuary and  
Line H is located in Higashiyoka Oaza Iimori. 
 
This location was chosen because disaster occurred in 1985 in the Ashikari area due 
to typhoon PAT, resulting to overtopping in the existing dyke and in this location there 
are 2 river estuaries which are Rokkaku River estuary and Kase River estuary. 
Higashiyoka was chosen because behind the existing dyke, there is old dyke with 3m 
height, so when there is overtopping in this area the old dyke will help with stand the 
water load. 
 
b. Data used 
In the numerical simulations, Data are taken as input data; bathymetrical data, 
topographical data, wind data (speed and direction), some of the water level at stations, 
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and time step of simulation. Wind Data at Misumi station from August 30, 1985 
00:00:00 to September 1, 1985 01:00:00 when the Typhoon Pat (T198513) passed 
through the Kyushu Island.  The simulation was taken from August 31, 1985 00:00:00 
to September 1, 1985 01:00:00 when the Typhoon Pat (T198513) passed through the 
Ariake Sea area.  
 
 
Fig. 3.36 Wind at Misumi Station, Kumamoto. 
 
c. Computational Mesh 
The model calculation was established by a computational mesh of the Ariake Sea 
and Saga Lowland as shown in Table 3.9 and Fig. 3.37. 
 
Table 3.9. Information of Computational Mesh 
 
Item Amount 
Number of elements 177330 
Number of faces 462393 
Number of nodes 99011 
Number of sections 2 
Min x-coordinate 594391.581 
Max x-coordinate 672318.943 
Min y-coordinate 3621731.16 
Max y-coordinate 3695657.03 
Min z-coordinate -59.25 
Max z-coordinate 9.985 
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Fig. 3.37  Mesh of simulation area 
 
 
d. Tide level 
 
 This research used tide level from Misumi, Kumamoto prefecture location. 
Because Ariake Sea is the closed sea, then the effect of tide level belong to boundary 
condition, specifically under open boundary (Fig. 3.38). 
 
Fig. 3.38  Tide level at Misumi station, Kumamoto. 
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e. Result and Discussion 
Based on the simulation result, found that the highest water level occurred in 
Rokkaku River estuary with 6.457 m , in Ashikari 6.46 m and in Kase River estuary 
6.4594 m which all happened in time step 24. As for the highest current speed recorded 
in Rokkaku River estuary location with 0.466 m/s and the highest flow flux in Rokkaku 
River estuary area with 0.906 m
3
/s/m. 
For all measurement locations, will be shown in table 3.10 and Fig. 3.39 below 
 
Table 3.10 Simulation results 
 
Item Unit Shiroishi 
Rokkaku 
River  
Ashikari 
Kase 
River 
Higashiyoka 
WL 
(m) 6.457  6.459  6.459  6.459  6.458  
TS (h) 24 24 24 24 24 
CS 
(m/s) 0.247  0.466  0.270  0.379  0.227  
TS (h) 3 18 18 6 3 
Flow 
Flux 
(m3/s/m) 0.325  0.906  0.488  0.266  0.279  
TS (h) 18 3 3 6 12 
 
where: 
WL : Water level 
CS : Current speed 
TS : Time step 
 
The simulation result for water level will be described in each line of measurement 
below 
 
 
Fig. 3.39  The highest value of  the simulation result 
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Shiroishi line 
Shiroishi measurement line located in Shiroishi town with coordinate 
610225.72,3673305.41 - 616569.16, 3667870.67  (UTM 52). The following graph 
shows the water level caused by the simulations. 
 
Fig. 3.40  Result on water level in Shiroishi 
 
Fig. 3.40 shows that the highest water level occurred in time step 24 with 6.4574 m 
which is lowest compared to the other measurement locations. 
To determine the changes of water level, and index of water level made by 
comparing the water level produced  by numerical simulation and existing tide level.  
 
 
Fig. 3.41  Water level index in Shiroishi 
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Fig.3.41explains that the index water level occurred not exceed than 1.1 while the 
lowest is 0.75 . It means that the wind only caused slight increase. 
Fig. 3.42 explains that the highest current speed produced in time step 3 is 0.247 m/s 
at Shiroishi. 
 
Fig. 3.42  Result on current speed in Shiroishi 
 
Fig. 3.43 below is the result of simulation which output in cross section from 
Shiroishi measurement line. This graph also shows element of mesh and vector from 
current speed. 
 
 
 
Fig. 3.43  Cross sectional distribution of current speed in Shiroishi 
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Highest Flow flux occurred in Rokkaku River estuary measurement location in time 
step 3 with 0.906 m
3
/s/m. While in Shiroishi area, the highest Flow Flux occurred in 
time step 18 with 0.325 m
3
/s/m (Fig. 3.44). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.44  Result on Flow Flux in Shiroishi 
 
Rokkaku River estuary line 
     Rokkaku River estuary measurement line located at Rokkaku River estuary with 
coordinate 614576, 3673684 - 616197, 3672339 (UTM 52). 
 
 
Fig. 3.45  Result on water level in Rokkaku River estuary 
 
Fig. 3.45 shows the simulation result of water level in Rokkaku River estuary at time 
step 24 when the highest water level occurred.  
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As the measurement location Shiroishi, the Rokkaku River estuary measurement 
location is also made measurements of water level index to see a comparison between 
the simulated water level due to the tide level. Where the water level index values are 
between 0.75 - 1.1 (Fig. 3.46) 
 
 
Fig. 3.46  Water level index in Rokkaku River estuary 
 
 
Fig. 3.47  Result on current speed in Rokkaku River estuary 
 
Fig. 3.47 shows the simulation result for current speed in Rokkaku River estuary 
measurement location where the highest record of 0.466 m/s occurred in time step 18. 
As for Fig. 3.48 shows cross section of Rokkaku River estuary measurement line. 
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Fig. 3.48  Cross sectional distribution of current speed in Rokkaku River estuary  
 
     The measurement result on Flow Flux in Rokkaku River estuary measurement 
location shows that the highest Flow Flux occurred in time step 3 with 0.906 m
3
/s/m and 
for the rest time step can be seen in Fig. 3.49.  
 
Fig. 3.49  Result on flow flux in Rokkaku River estuary 
 
Ashikari line 
    Ashikari measurement line located at Ashikari town with coordinate of 
15473,3674108 - 616000,3672000 (UTM 52) where there was an accident during the 
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simulation time, the accident caused by the sea water that almost in the same level as the 
existing dyke (Fig. 3.50). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.50  The condition  of Ariake Sea when typhoon Pat (T198513) passed  over the 
Kyushu Island. 
 
     Based on the simulation result in this location, found that this location recorded as 
the second highest water level among the other locations with water level of 6.4594 m.  
The simulation results from this location for several time step shown in Fig. 3.51. 
 
 
Fig. 3.51 Result on water level in Ashikari 
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Index water level in Ashikari measurement location can be seen in Fig. 3.52. 
 
 
Fig. 3.52 Index of  water level in Ashikari 
 
Fig. 3.52 shows that the index of water level in Ashikari location is in the range of  
0.75 to 1.1. Current speed produced for this simulation in Ashikari measurement 
location shown in Fig. 3.53. 
 
Fig. 3.53  Result on current speed in Ashikari 
 
      Fig. 3.53 shows that the highest current speed produced in time step 18 is 0.270 m/s 
at Ashikari area. While the cross section can be seen in Fig. 3.54 below. 
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Fig. 3.54  Cross sectional distribution of current speed in Ashikari 
 
      Simulation result of Flow Flux shows in Fig. 3.55 with the highest  of 0.488 m
3
/s/m 
which occurred in time step 3.  
 
 
Fig. 3.55  Result on flow flux in Ashikari 
 
Kase River estuary line 
Kase River estuary measurement line located between Ashikari and Higashiyoka 
measurement location, the coordinate of Kase River estuary is 616693,3674772 – 
616000, 3671500 (UTM 52). In this measurement location, the highest water level is 
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6.4591m in time step 24, highest current speed is 0.379 m/s in time step 6 and for 
highest Flow Flux is 0.266 m
3
/s/m which occurred in time step 6. 
 
 
Fig. 3.56  Result on water level in Kase River estuary 
 
Fig. 3.56 is the simulation result from several time steps for Kase River estuary 
measurement location. While the index of water level shows in Fig. 3.57 where the 
index water level are also in the range of 0.75 to 1.1. 
 
 
Fig. 3.57 Index of water level in Kase River estuary 
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     Fig. 3.58 shows the simulation result of current speed, as for Fig. 3.59 display the 
simulation result in the form of cross section of the current speed, and Fig. 3.60 is the 
simulation result of flow flux in Kase River estuary measurement location. 
 
 
 
Fig. 3.58  Result on current speed in Kase River estuary 
  
 
 
 
Fig. 3.59  Cross sectional distribution of current speed in Kase River estuary 
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Fig. 3.60  Result on flow flux in Kase River estuary 
 
Higashiyoka line 
Higashiyoka measurement line located at Rokkaku River estuary with coordinate 
620682.02,3676435.22 - 615000,3668000 (UTM 52). 
 
 
 
Fig. 3.61  Result on water level in Higashiyoka 
 
Fig. 3.61 shows simulation result of water level in several time steps in Higashiyoka 
location, wherein time step 24 the maximum water level reach 6.459 m. While Fig. 3.62 
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shows index of water level for this location where the index is also in the range of 0.75 
to 1.1. 
 
 
Fig. 3.62  Index of water level in Higashiyoka 
 
Fig. 3.63 shows the simulation result of current speed in several time steps at 
Higashiyoka measurement location, the highest current speed recorded in time step 3 
which is 0.227 m/s. In Fig. 3.64 is the cross section of the simulation result for current 
speed. 
 
 
Fig. 3.63 Result on current speed in Higashiyoka 
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Fig. 3.64 Cross sectional distribution of current speed in Higashiyoka 
 
       Fig. 3.65 shows the simulation result of Flow Flux in several time steps at 
Higashiyoka measurement location, the highest Flow Flux is 0.279 m
3
/s/m occurred in 
time step 12. 
 
 
 
Fig. 3.65  Result on flow flux in Higashiyoka 
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      The following graph display the output of water level, current speed and flow flux in 
2 dimensional. 
 
Fig. 3.66 2 Dimensional output of Water level 
 
 
Fig. 3.67 2 Dimensional output of current speed 
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Fig. 3.68 2 Dimensional output  of flow flux 
 
f. Comparison of Water Level to Tidal Level 
A comparison of tide level in each measurement location was made to determine the 
effect of typhoon PAT (T198513) to the water level. 
 
Fig. 3.69 Tide level and the highest of water level in measurement location 
 
     In Fig. 3.69 shows only Tide and result from Higashiyoka because of the slight gap 
in every measurement location. Table 3.11 below shows the details of the data in table 
form.  
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Table 3.11 Comparison between Tide and the highest result of  Water Level 
Time step Tide Shiroishi Rokkaku River Ashikari Kase River Higashiyoka 
1 5.73 5.730  5.730  5.730  5.730  5.730  
3 3.61 3.400  3.414  3.410  3.408  3.401  
6 3.58 3.481  3.495  3.493  3.490  3.482  
12 6.05 6.050  6.058  6.057  6.056  6.052  
18 2.86 2.263  2.254  2.257  2.260  2.263  
24 6.1 6.457  6.459  6.459  6.459  6.458  
 
Table 3.12 Index of  Water Level 
Time step Tide Shiroishi Rokkaku River Ashikari Kase River Higashiyoka 
1 1 1.000  1.000  1.000  1.000  1.000  
3 1 0.942  0.946  0.945  0.944  0.942  
6 1 0.972  0.976  0.976  0.975  0.973  
12 1 1.000  1.001  1.001  1.001  1.000  
18 1 0.791  0.788  0.789  0.790  0.791  
24 1 1.059  1.059  1.059  1.059  1.059  
 
Table 3.12 shows the index of water level to the tide level in every measurement 
location, wherein time step 3, 12, and 24 have values more than 1 which means the 
water level in these time steps are higher than the tide level. As graphically displayed in 
Fig. 3.70 below. 
 
 
Fig. 3.70 Index of water level in measurement location 
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3.5  CONCLUSIONS 
Based on the hydrodynamic numerical modelling and discussion above it can be 
concluded as follows: 
a. Scenario group 1 
 From the 3 simulated scenarios, there is no occurrence where the water levels 
exceed the height of coastal dyke, which means there is no seawater inundation in 
Saga lowland area. 
 Typhoon Songda (T200418), scenario 1 obtained the highest water level among the 
other scenarios yet; it has the smallest current speed of all scenarios. 
 Typhoon Wilda (T196420), scenario 3 recorded as the largest current speed 
compared to other scenarios but it has the lowest water level among the scenarios 
and in some locations, the water level is even lower than the water level on initial 
condition. 
 Current speeds generated by all the three scenarios are relatively small around 1 m/s.  
 Typhoon Wilda obtained the highest index in all measurement locations and 
typhoon Nabi obtained the lowest index on some measurement locations. 
b. Scenario group 2 
 From the 3 simulated scenarios, there is no occurrence where the water levels 
exceed the height of coastal dyke, which means there will be no seawater inundates 
in Saga lowland area.  There are needs to be simulated by using the largest tides to 
determine whether the water can pass through the existing coastal dyke. 
 Typhoon Songda (T200418), scenario 1, obtained the highest water level among the 
other scenarios yet. 
 Typhoon Wilda (T196420), scenario 3, recorded as the largest current speed 
compared to other scenarios but it has the lowest water level among the scenarios 
and in some locations, the water level is even lower than the water level on initial 
condition. 
 Current speeds generated by all the three scenarios are relatively small less than 1 
m/s. 
c. Scenario group 3 
 The highest water level occurred in Ashikari which is 6.459 m (6.459142 m) but 
with difference not more than 1 cm  compared to the other locations 
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 Highest current speed occurred in Rokkaku River estuary location which is 0.466 
m/s. 
 For the highest Flow Flux occurred in Rokkaku River estuary with 0.906 m3/s/m. 
 Highest index of water level found at Rokkaku River estuary with 1.059 which 
makes the water level produced by the wind speed and wind direction of typhoon 
Pat (T198513) is not more than 10% of tide level during that time. 
 Water level in Ariake Sea is highly affected by the tide level. 
d.  From all scenarios group produces water that does not exceed the high level coastal 
dyke (7.5 m), but for scenario 3 groups, namely when Typhoon Pat (T198513) there 
is an approaching height of coastal dyke.  
e.  Current speeds generated by all the three group scenarios are relatively small less 
than 1 m/s. 
 
 
3.6 SUGGESTIONS 
 Based on the above simulation results can be suggested as follows: 
1.  Necessary to study the use of scenarios to get a situation where there is high water 
level exceeds the coastal dyke. From the simulations are expected to be able to find 
out which areas are at high risk of inundation. 
2.  Because the scenario group 1 and group 2 on the normal tide conditions (0.3 - 1.2m), 
although the wind speed on high and in group 3 scenarios with high tide conditions, 
but wind speeds are not too tight as the scenario group 1 and group 2 results high 
water level does not exceed the coastal dyke. It is necessary to study using wind 
speed data as in scenario group 1 and group 2 with tide conditions as in scenario 3 
group to find out which areas are going inundation. 
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Chapter 4 
 
 
STORM SURGE SIMULATION ON ASSUMTION OF HIGH 
INTENSITY TYPHOON 
 
 
4. 1. INTRODUCTION 
 
Japan is located in the Pacific Ocean and is annually affected by the typhoon. There 
are 3 typhoons that gave big damages to the nation. First is typhoon Muroto (1934) that 
caused big damages to the buildings, large inundated area for about 92,740 ha and 2,702 
human casualties. Second is typhoon Makurazaki (1945) that damaged some buildings, 
resulted to large inundated area for about 8.98 x 104 ha and 1,229 people also lost their 
lives during this typhoon. Lastly, Typhoon Ise-wan (1959) which also gave the same 
impacts as the first two typhoons mentioned. The Typhoon Ise-wan created large 
inundation on about 8.34 x 105 ha area and 5,098 people killed. From 1952 to 2011 it 
has occurred 72 typhoons passing through Saga and within a radius of 150 km where 
the typhoon Ruth (1951), Wilda (1964), typhoon Pat (1985), typhoon Songda (2004), 
typhoon Nabi (2005), typhoon Chaba (2004) and several other typhoons provided 
damages and casualties on the island of Kyushu. 
There is Ariake Sea in Kyushu Island. The Ariake Sea has the largest tidal range in 
Japan, i.e. 6 m at bay head. This sea's area is about 1,700 km2 with about 96 km of the 
bay axis, 18 km of the average width, 20 m of the average depth. It faces on 4 
prefectures i.e. Nagasaki, Saga, Fukuoka and Kumamoto. Most of the areas in Saga 
Prefecture are adjacent to the Ariake Sea. It is mainly lowland areas with a very small 
slope, so once the sea water enters these areas it will immediately create large inundated 
area despite the fact that these areas are being used for agricultural, offices, residential, 
airport and etc. However, the Japanese government has built coastal dyke along the 
shorelines and river within this areas with the maximum height of 7.5m. 
The aim of this study is to analyze the impact of storm surge by the typhoon 
Songda (T0418) that ever crossed the region in Saga Plain and the surroundings and to 
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know the conditions that can make the water level exceed the height of coastal dyke 
which the inundation in the Saga Plain by using the scenarios with high wind speed.  
 
 
4.2.  STUDY AREAS  
 
Study areas are Saga lowland and the surroundings. Fig. 4.1 shows the studied area 
and measured lines named as  (1) Ureshino, (2) Shiroishi1, (3) Shiroishi2, (4) Shiroishi3, 
(5) Higashiyoka1,  (6) Higashiyoka2 and (7) Higashiyoka3. 
 
 
 
Fig. 4.1  Study Area and measured lines 
 
 
4.3.  COMPUTATIONAL TOOLS AND METHODOLOGY 
4.3.1 Computational Tools 
    The MIKE 3 Flow Model Flexible Mesh (MIKE 3 FM) developed by DHI 
(Denmark Hydraulic Institute) in the frame of MIKE ZERO packages. The MIKE 3 FM 
is applicable to the simulation of hydraulic and related phenomena in lakes, estuaries, 
bays, coastal areas and seas. This software is a modelling system based on a flexible 
mesh approach.  
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4.3.2 Data used 
In the numerical simulations, the following data are taken as input data; 
bathymetrical data, topographical data, wind data (speed and direction), some of the 
water level at stations, and time step of simulation.  
 Bathymetric data are obtained from the Ariake Project of Saga University in the 
form of water depth in the Ariake Sea and other areas in the southern of Kyushu 
Island. 
 Topographic data are obtained from 50 m DEM of Japan supplied by Geospatial 
Information Authority of Japan.  
 Wind Data at Nagasaki station from September 7, 2004 00:00:00 to September 8, 
2004 01:00:00 when the Typhoon Songda (T200418) passed through the Kyushu 
Island.  
 The water level in some stations also used for the calibration of the model.  
 The simulation was taken from September 7, 2004 00:00:00 to September 8, 2004 
01:00:00 when the Typhoon Songda (T200418) passed through the Ariake Sea area.  
 
4.3.3 Computational Mesh 
The model calculation was established by a computational mesh of the Ariake Sea 
and Saga Lowland as shown in Fig. 4.2 and Table 4.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.2 Mesh of simulation area 
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Table 4.1 Information of Computational Mesh 
Item Amount 
Number of elements 64100 
Number of faces 176825 
Number of nodes 47376 
Number of sections 2 
Min x-coordinate 568014.646 
Max x-coordinate 672132.842 
Min y-coordinate 3529911.56 
Max y-coordinate 3698789.28 
Min z-coordinate -116.96948 
Max z-coordinate 20.01 
 
 
4.3.4 Simulation Scenarios 
This simulation uses 15 scenarios based on the wind speed and the variations of the 
wind direction (180
o
, 225
o
 and 270
o
). Scenario 1-3 based on the wind data from 
Nagasaki station the wind speed of scenario 1 is equal to the wind speed in Nagasaki 
station. In scenario 2, the wind speed multiplied by 2 from the wind speed in the 
Nagasaki station, while the scenario 3 the wind speed is multiplied by 3 from the wind 
speed in the Nagasaki station. The scenarios in which the wind speed = 50 m/s (scenario 
4, 8, and 12). In scenarios in which the wind speed = 60 m/s (scenario 5, 9, and 13). In 
the wind speed = 70 m/s (scenario 6, 10, and 14) and the wind speed = 80 m/s (scenario 
7, 11, and 15) shows in Table 3. 
 
Table 4.2 Simulation Scenarios 
 
Item 
Scenario 
Remark 
1 2 3 4 5 
Wind speed 
(m/s) 
Nagasaki Sta 
2x 
Nagasaki 
Sta. 
3x 
Nagasaki 
Sta. 
50 60   
Wind direction 
(o) 
Nagasaki Sta 
Nagasaki 
Sta 
Nagasaki 
Sta 
180 180   
Initial condition 
Water Level 
(WL) 
WL WL WL WL 
Interpolated from 
5 stations 
Open boundary 
condition 
Tide at 
Nagasaki Sta 
(TL N) 
TLN TLN TLN TLN   
Land Water 
boundary 
Mesh Mesh Mesh Mesh Mesh   
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Table 4.2 Simulation Scenarios (continued) 
Item 
Scenario 
Remark 
6 7 8 9 10 11 12 13 14 15 
Wind speed (m/s) 70 80 50 60 70 80 50 60 70 80   
Wind direction (
o
) 180 180 225 225 225 225 270 270 270 270   
Initial condition WL WL WL WL WL WL WL WL WL WL 
Interpolated 
from 5 
stations 
Open boundary 
condition 
TLN TLN TLN TLN TLN TLN TLN TLN TLN TLN   
Land Water 
boundary 
Mesh Mesh Mesh Mesh Mesh Mesh Mesh Mesh Mesh Mesh   
 
 
4. 4. RESULTS AND DISCUSSIONS 
 
4.4.1. Calibration of the Model 
Calibration of the model is performed on two locations at Nagasaki and Kuchinotsu 
with respect to water level changes as shown in Fig. 4.3. 
 
 
(a) Nagasaki 
 
 
 
(b) Kuchinotsu 
Fig. 4.3 Calibration of the model 
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4.4.2 Numerical simulation results 
The results of numerical simulations using the wind data during the typhoon 
Songda (T0418) can be seen in Table 4.3. 
 
Table 4.3 Result of typhoon Songda (scenario 1) 
 
Unit Item U S1 S2 S3 H1 H2 H3 
 Water level  m 
Max. 1.707  1.706  1.694  1.694  1.695  1.735  1.709  
TS 12 12 12 12 12 12 12 
 Current speed  m/s 
Max. 0.204  0.204  0.209  0.304  0.242  0.152  0.124  
TS 12 12 12 12 12 12 12 
 P Flux m3/s/m 
Max. 0.244   0.250   0.702   1.187   0.986   1.090   1.126   
TS 18 18 12 12 12 12 12 
 
where; 
Max. : Maximum value    TS : Time Step (hour)  U : Ureshino  
S1 : Shiroishi 1   S2 : Shiroishi 2   S3 : Shiroishi 3  
H1 : Higashiyoka1  H2 : Higashiyoka 2   
H3 : Higashiyoka3 (Saga Airport) 
 
In Table 4.3, there is no occurrence of the water level exceed 7.5 m which means 
there is no over topping on the coastal dyke. The other scenarios were made to 
determine whether the water level exceeds 7.5m, which may result to the entering of sea 
water into inland and inundating the Saga Lowland area. In scenario 2 and 3, the wind 
speed was increased to 2 times and 3 times of the wind speed in scenario 1. In these 
scenarios, the wind direction assumed to be changed. 
 
Table 4.4 Result of scenario 2 and scenario 3 
 
Unit Scenario Item U S1 S2 S3 H1 H2 H3 
 Water level  m 
2 
Max. 1.701  1.701  1.759  1.856  1.969  1.940  1.948  
TS 12  12  12  12  12  12  12  
3 
Max. 5.104  4.930  3.941  3.653  4.284  4.317  4.532  
TS 8 8 8 8 12 12 12 
 Current speed  m/s 
2 
Max. 0.391  0.382  0.404  0.381  0.251  
0.2 - 
6.4  
0.336  
TS 12  12  12 12 12 12 12 
3 
Max. 1.173  1.439  1.618  1.399  1.529  1.834  1.815  
TS 12 12 12 12 6 6 6 
 P Flux m3/s/m 
2 
Max. 1.833   1.185   2.741   2.741   3.842   3.997   4.101   
TS 8  8 12 12 12 12 12 
3 
Max. 4.261   3.210   5.014   7.234   7.328   8.188   8.470   
TS 8 8 12 12 12 12 12 
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Based on the Table 4.4, it can be seen that even though the wind speed was 
increased up to 3 times the wind speed of typhoon Songda and the wind direction 
changed, the water level did not exceed 7.5m. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
 
Fig. 4.4 (a) Maximum water level at Higashiyoka 2 measurement location (b) Index of 
water level of scenario 2 and scenario 3 at Higashiyoka 2 measurement location 
 
where  
WL1 24: Water level of scenario 1 at 24:00 
IxWL 2 : Index water level scenario 2 
IxWL 3 : Index water level scenario 3 
0, 2, 4, 6, 8, 12, 18 and 24 : Time step (hour) 
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Fig. 4.4 shows the comparison between scenario 2 and scenario 3 to scenario 1, to 
find out the change in water level for each scenario, an index was made from the 
comparison of each scenario to scenario 1 in Higashiyoka2 line. Higashiyoka2 was 
chosen because this location scored the highest water level in scenario 1. 
As shown in Fig. 4.4, the water level index from scenario 2 is very small while the 
scenario 3 produced very large water level index. 
For the result of current speed it can be shown in Fig. 4.5. Fig. 4.5 (a) shows the 
simulation results from scenario 1 to scenario 3 with current speed in Shiroishi3 line. 
This produced the highest result compared to other lines. An index called index of 
current speed was made to find out the relevance between scenario 2 and scenario 3 to 
scenario 1, these figures can be seen in Fig. 4.5 (b). 
 
 
 
 
 
 
 
 
 
 
 (a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) 
Fig. 4.5 (a) Maximum of current speed at Shiroishi 3 measurement location (b) Index of 
current speed of scenario 2 and scenario 3 at Shiroishi 3 measurement location 
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For the result of P Flux it can be shown in Fig. 4.6. Fig. 4.6 (a) shows the 
simulation results from scenario 1 to scenario 3 with P Flux in Higashiyoka3 line. This 
area produced the highest result compared to other areas of measurement. Fig. 4.6 (b) 
can be shown an index of P Flux was made to find out the relevance between scenario 2 
and scenario 3 to scenario 1. 
 
 
(a) 
 
 
(b) 
Fig. 4.6 (a) Maximum P Flux at Higashiyoka3 measurement location, (b) index of P 
Flux at Higashiyoka3 
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After the simulations with the increased wind speed and different wind direction 
which produced water level less than 7.5m, then the scenarios with the same wind 
direction and different wind speed from 50 m/s to 80 m/s were made (scenario 4-15).  
From the scenario 4 to scenario 15, there is an occurrence where the water level 
exceeds 7.5 m, this happened in scenario 7 with wind speed of 80 m/s and wind 
direction 180o from 08.00 to 24.00 in Shiroishi3 and Higashiyoka1 lines, the highest 
water level produced is 8.282 m in front of coastal dyke in Higashiyoka1. Fig. 4.7 
below shows the simulation results in Higashiyoka1 and Higashiyoka2 lines. 
Table 4.5 is a summary of the results of simulations in which only displayed the 
highest value of each type of measurement and time of occurrence and the resulting 
scenario. 
 
Table 4.5 A Summaries of simulation results for scenarios 4-15 
 
Component Unit Item U S1 S2 S3 H1 H2 H3 
Water level m 
Max. 6.816 7.288 7.381 8.184 8.282 7.524 7.488 
TS 12 12 12 12 12 12 12 
Scenario 7 7 7 7 7 7 7 
Current 
speed 
m/s 
Max. 1.563 1.500 1.529 1.649 1.655 1.668 1.844 
TS 4 4 2 2 2 4 24 
Scenario 7 7 7 7 7 7 15 
P Flux 
m3/s/
m 
Max. 3.924 3.924 5.766 6.540 5.986 6.610 8.399 
TS 2 2 18 18 12 24 24 
Scenario 15 15 15 11 11 15 15 
 
From Table 4.5 it can be seen that for the highest water level of 8.282m occurred at 
the measurement location of H1. At the location of S3 and H2 also occurs that exceeds 
the high water level coastal dyke (7.5 m). This means that at three locations overtopping 
occurs that causes entering of sea water and flood of the Saga Plain. 
Fig. 4.7 shows the water level changes in Higashiyoka1 line, where at 08.00 to 
24.00 the water level exceeds the height of coastal dyke which results in inundating in 
the lowland area behind the dyke. 
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Fig. 4.7 Result of water level at Higashiyoka1 by scenario 7 
 
In addition to the measurement location H1 (Higashiyoka1), the water exceeding 
7.5 m occurred along the line Shiroishi3. 
 
 
 
Fig. 4.8 Result of water level at Shiroishi3 by scenario 7 
 
Fig. 4.9 shows the water level changes in Higashiyoka2 where only at 12:00 the 
water level exceeds the height of coastal dyke. 
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Fig. 4.9 Result of water level at Higashiyoka2 by scenario 7 
 
Where;  
WL: Water Level    
50, 60, 70 and 80 : wind speed (m/s)  
180, 225 and 270 : wind direction (
o
) 
0, 2, 4, 6, 8, 12, 18 and 24 : Time step (hour) 
 
Example: 
WL50 180 12: Water level with wind speed 50 m/s and 180
o 
of wind direction at 12:00 
WL60 180 24: Water level with wind speed 60 m/s and 180
o
 of wind direction at 24:00 
WL80 180 8: Water level with wind speed 80 m/s and 180
o
 of wind direction at 08:00 
 
The simulation result for current speed and P flux will only be shown for area of 
measurement that produced the highest current speed and P flux. Fig. 4.10 it can be 
shown the result of current speed of scenarios with changing wind speed and wind 
direction at 180° Higashiyoka3 measurement location is at Saga Airport. This location 
of the current speed measurement provides the greatest compared to other locations. As 
for Fig 4.11 it can be shown the index of the current speed. 
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Fig. 4.10 Maximum result of current speed at Higashiyoka3 by scenario 7 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.11 Index of current speed at Higashiyoka3 
 
where  
CS: Current speed    IxCS: Index of Current speed  
50, 60, 70 and 80 : wind speed (m/s)   180, 225 and 270 : wind direction (
o
) 
0, 2, 4, 6, 8, 12, 18 and 24 : Time step (hour) 
 
Example: 
CS50 180 4: Current speed with wind speed 50 m/s and 180
o
 of wind direction at 04:00 
CS80 180 2: Current speed with wind speed 80 m/s and 180
o
 of wind direction at 08:00 
IxCS 60 180 2: Index of current speed with wind speed 60 m/s and 180
o
 of wind 
direction at 02:00 
IxCS 70 180 4: Index of current speed with wind speed 70 m/s and 180
o
 of wind 
direction at 04:00 
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The following cross section is also displayed condition in front of the coastal dyke 
conditions at the measurement location H3 (Higashiyoka3) which obtained the greatest 
current speed (Fig. 4.12). In Fig. 4.12 it can be seen that the direction and magnitude 
illustrated by the vector and the color of the current speed for each layer. 
 
 
 
Fig. 4.12 Cross sectional distribution of current speed at Higashiyoka3 for scenario 15 
 
At a time when water level has exceeded the height of coastal dyke, then there is an 
inundation  on the Saga Plain of current speed and direction can be seen in Fig. 4.13. 
 
 
 
Fig. 4.13 Vector of current speed for scenario 11 
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Vector of current speed produced from the Scenario 11, vortices created in front of 
the Shiroishi1 and Shimabara areas are shown in Fig. 4.13, It can be concluded that 
there is few risk caused by the water speed in Saga Plain, however there occurred  low 
speed vortexes in some areas. 
The maximum flow flux (P flux) by this simulation at the Saga lowland occurred on 
scenario 15 but, no more than 8.5m
3
/s/m (Fig. 4.14). 
 
 
 
Fig. 4.14 Result of P flux 
 
Vector of P Flux for 2 Dimension displayed shown in Fig. 4.15 
 
 
 
Fig. 4.15 Vector of flow flux (P Flux) for scenario 7 
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4.4.3 The Influences of increasing wind speed on the water level 
 
From the study in this chapter, it can be seen that each increment of wind speed will 
cause an increase in water level. Here, shown the relationship between wind speed and 
water level. 
 
Fig. 4.16 Relations between wind speed and water levels on wind direction 180
o
 
 
Figure 4.16 shows the relationship between wind speed with the water level at all 
measurement locations for wind direction 180° which divided by color. Each 
measurement location produces a linear equation. 
 
 
Fig. 4.17 Relations between wind speed and water levels on wind direction 225
o
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Similarly, In Fig. 4.17 which describes the relationship between wind speed and 
water level. The increase in wind speed will cause increased water level on the state of 
wind direction 180
o
 and 225
o
. 
For wind direction 270
o
, Fig. 4.18 shows that increasing wind speed will cause a 
decrease in water level. 
 
 
Fig. 4.18 Relations between wind speed and water levels on wind direction 270
o
 
 
 
4.4.4 Discussions 
 
From the description of the simulation using wind data at the time of the typhoon 
Songda (T200418) and the scenario by multiplying the wind speed with the same wind 
direction, showed where the water level does not exceed the high coastal dyke. This 
means that there are still coastal dyke can guarantee it will not cause overtopping and 
inundation in the Saga Plain. As for the scenario by using data that are extreme wind 
speed and wind direction remains, found there overtopping the dyke. However, this 
condition has a little chance to occur, so that the results of this simulation it can be used 
to determine which areas have the greatest risk of flood occurs and will be use in coastal 
disaster management. 
In addition, because the Ariake Sea has a high tide level it needs a simulation using 
the high-tide conditions. 
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4.5. CONCLUSION 
 
Based on the hydrodynamic simulation results it can be concluded as follows: 
1. Simulation using real data, namely the case of the typhoon Songda (T0418) did not 
result in higher water levels that exceed the coastal dyke. 
2. Simulations with the same wind direction data to the typhoon Songda (T0418) but 
the speed is increased 2 to 3 times the wind speed, also did not produce high water 
levels that exceed the coastal dyke. 
3. But in the simulation with wind speed 80 m/s with wind direction 180° produce 
high water levels that exceed the coastal dyke in three locations of measurement 
that is Shiroishi2, Higashiyoka1 and Higashiyoka2.  
4. Current speed field produced from the numerical simulations depends on the wind 
direction. All scenarios produced a slow current of no more than 2 m/s.  
5. The maximum of flow flux at the Saga lowland occurred on scenario 7, but no more 
than 8.5 m
3
/s/m.  
6. The increase wind speed will produce a linear increases water level at all 
measurement locations for wind direction 180
o
 and 225
o
. Whereas for wind 
direction 270
o
 will cause a decrease in water level. 
7. The obtained results can be used in flood hazard risk management plan of Saga 
Plain.  
8. Hydrodynamic simulations need to be done by using a maximum tide of data that 
have occurred in the Ariake Sea. 
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Chapter 5 
 
 
EFFECT OF THE LARGE TIDAL CHANGE ON STORM 
SURGE IN THE ARIAKE SEA 
 
 
5.1. INTRODUCTION 
 
From the few studies that cause the storm surge due to the typhoon in the Ariake Sea, 
the results obtained do not exceed the high water level of the existing coastal dykes to 
the Saga Lowland areas. 
As in chapter 3, Typhoon Songda (T200418) resulted in water level is higher than 
other typhoons. However, at the time of Typhoon Songda, the tide level was at 0.3 to 
1.2 m, so that the results obtained do not exceed the coastal dykes. 
 
 
 
Fig. 5.1 Wind of Typhoon Songda (T200418) 
 
To determine the performance of existing dykes and coastal inundation in this area 
due to high water levels exceed dykes beach, this research needs to be done by using 
data with high winds and tidal conditions. 
The purpose of this study is to determine the effect of high tidal change with high 
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wind speeds on the performance of the existing coastal dykes. Furthermore, the 
inundation caused by the high water level exceeds the existing coastal dykes in Saga 
Lowland area and to determine the tidal influences on water level produced. 
In this study, assumed that the wind speed happened was as the wind speed during 
the Typhoon Songda (T200418) and the tide as in the case of Typhoon Pat (T198513). 
 
5.2 STUDY AREA 
 
In this study, measurements were taken at several places, as in Fig. 5.2. Line SS is a 
measurement line located in Shiroishi Shinmei, SH in Shiroishi Hachihei, SF at 
Shiroishi Fukudomi, at the Ashikari (Ogi), HI in Higashiyoka Ooaza Iimori, and SAP at 
Saga Airport. 
 
 
 
Fig. 5.2 Studied area and measurement lines 
 
 
5.3 METHODOLOGY 
 
In this study, used hydrodynamic numerical simulation to obtain water level 
measurement at the specified line.  
 
5.3.1 Data used 
 
Wind data used are wind data in the event of Typhoon Songda (T200418) and the 
tide data in the event of Typhoon Pat (T198513). 
SS
SH
SF
A
HI
SAP
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5.3.2 Computational Mesh 
 
The model calculation established by a computational mesh of the Ariake Sea and 
Saga Lowland as shown in Fig. 5.3 and Table 5.1. 
 
 
 
Fig. 5.3 Computational Mesh 
 
 
Table 5.1 Information of computational mesh 
Item Amount 
Number of elements 247390 
Number of faces 648729 
Number of nodes 142087 
Number of sections 2 
Min x-coordinate 569591.770 
Max x-coordinate 672318.943 
Min y-coordinate 3545554.25 
Max y-coordinate 3695657.03 
Min z-coordinate -126.56734 
Max z-coordinate 9.985488 
 
 
5.3.3 Tide level  
 
Tide level belong to boundary condition, specifically under open boundary shows in 
table 3.8 
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5.4 RESULTS AND DISSCUSIONS 
 
5.4.1 Simulation results 
 
The results of numerical hydrodynamic simulations taken at the nearest point of the 
coastal dyke, to see the water levels already exceeded the height of the coastal dyke. 
Shown in Table 5.2 are the simulation results for each measurement location with all the 
simulation time step. 
 
Table 5.2 Simulation results at near the coastal dyke 
 
Time Step 
(hour) 
Water level (m) 
SS SH SF A HI SAP 
0 1.198  1.547  1.193  1.193  1.196  2.157  
1 1.294  1.624  1.381  1.417  1.415  2.116  
2 2.284  2.195  1.789  1.579  1.614  2.937  
3 6.372  6.429  6.606  6.774  6.698  6.266  
4 4.470  4.457  4.390  4.346  4.356  4.625  
5 5.074  5.116  5.210  5.280  5.252  5.069  
6 3.680  3.678  3.691  3.707  3.696  3.845  
7 2.592  2.596  2.595  2.597  2.591  3.063  
8 2.309  2.304  2.252  2.227  2.231  2.878  
9 3.870  3.885  3.905  3.923  3.919  4.019  
10 5.180  5.170  5.129  5.107  5.119  5.268  
11 7.064  7.078  7.109  7.131  7.128  7.076  
12 7.602  7.613  7.620  7.623  7.627  7.632  
13 8.102  8.109  8.096  8.072  8.083  8.147  
14 8.067  8.094  8.173  8.218  8.206  8.035  
15 5.906  5.898  5.897  5.905  5.895  5.894  
16 4.208  4.222  4.237  4.246  4.245  4.338  
17 2.853  2.861  2.887  2.911  2.903  3.232  
18 1.654  1.860  1.683  1.723  1.717  2.366  
19 0.964  1.394  0.938  0.967      
20 1.816  1.960  1.749  1.671  1.701  2.536  
21 3.390  3.392  3.391  3.390  3.395  3.662  
22 5.038  5.053  5.069  5.076  5.080  5.128  
23 6.405  6.415  6.425  6.430  6.431  6.430  
24 7.358  7.368  7.376  7.380  7.381  7.368  
 
 
From table 5.2 shows, that is large fluctuations in water level, and the water level 
exceeded the coastal dyke started in the time step of 12 to 14. 
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Fig. 5.4 Graphically view of water level near coastal dyke 
 
 
From Fig. 5.4 shows, that at time step 12, for all measurement locations water level 
has been more than 7 m and at time step 13.00, has exceeded the high water level 
coastal dyke which means it occurred in the inundation area behind the coastal dyke. 
The following figure is inundation processes that occur in Saga lowland starting from 
time step 12.30 to   time step 14:00. 
 
 
 
Fig. 5.5 Inundation process in Saga Lowland 
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From Figure 5.5 shows that at 13:00 there is inundation in the area between the SS 
and SH, SF, HI, and SAP, but still a small inundation. At 13:30 inundation occurs, even 
inundated up to the old dykes located. While at 14:00, in the HI, has passed inundation 
existing old dykes. 
The following are shown the results of numerical simulations on each measurement 
line in cross section. 
The SS measurement line at Shinmei Shiroishi area. Fig. 5.6 shows a cross section of 
the numerical simulations taken from 12:30 until 14:00. Determination of the time step 
review base on the simulation results that the process of water flooding on the mainland 
began at 13:30, and at 14:00 is the time when the highest water level in the Ariake Sea, 
where after 14:00 water level began to decrease. 
 
 
Fig. 5.6 Cross sectional of inundation process in SS 
 
Fig. 5.6 is a cross sectional view of the SS (Shiroishi Shinmei) measurement line, 
where the flooding occurred at 13:30 behind the coastal dyke area. At 14.00, the area 
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14:30
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between the coastal dyke dyke has been inundated with the old but does not exceed the 
old high dyke. While the water level is higher than the coastal dyke. At 14:30 in Ariake 
sea water level has decreased.  
Fig. 5.7 is a cross sectional view of the SH (Shiroishi Hachihei) measurement line. 
As in the SS measurement line, at 13:30 began flooding areas behind the coastal dykes. 
At 14.00, the area between the coastal dyke with the old dyke has inundated, water level 
does not exceed the high of the old dyke yet. However at 14:30 in Ariake sea water 
level has decreased. 
 
 
 
Fig. 5.7 Cross sectional of inundation process in SH 
 
 
For SF measurement line located in Shiroishi region Fukudomi, it appears that cross 
between the coastal dyke and old dyke more narrow than the other two regions in 
Shiroishi (Hachihei and Shinmei), so that the inundation in the area is higher. At the 
time step, 14:00 and 14:30 seen that the high inundation has reached a high of old dyke. 
However, at the time of water level in the Ariake Sea is starting to decrease (Fig. 5.8).
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Fig. 5.8 Cross sectional of inundation process in SF 
 
Fig. 5.9 is a cross section of a measurement line located in Ogi town called Ashikari. 
Whereas in Fig. 5.10 is the cross sectional view of the HI measurement line located in 
the Higashiyoka Ooaza Iimori.  
From Fig. 5.9, it can be explained that at the 13:30, Ashikari (Ogi) area has occurred 
inundation approximately 2.5 m. However, at 14:00 the water levels are higher than the 
old dyke and has begun to inundate the areas behind the old dyke. While at 14:30, 
inundation behind the old dykes has reached 2 m and the water level in the Ariake Sea 
have begun decrease, so the risk of flooding from the Ariake Sea decrease. 
In Fig. 5.10, it can be seen that the inundation between the coastal dyke and old dyke 
has inundated since the time step 13.00. However at time step 13:30, the inundation is 
higher than the existing old dyke, so that it starts inundate the areas behind the old dyke.  
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Fig. 5.9 Cross sectional of inundation process in A 
 
 
Fig. 5.10 Cross sectional of inundation process in HI 
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In the SAP measurement line that is Saga Airport area, between the coastal dyke and 
old dyke, inundation began to occur at time step 13:30. While at the time step 14:00 
water level began to pass through a high old dyke, so that the area behind the old dyke 
began inundated. In the time step 14:30, the water level in Ariake Sea started decrease. 
So that water cannot enter to the mainland (Fig. 5.11). 
 
 
Fig. 5.11 Cross sectional of inundation process in SAP 
 
 
5.4.2 Effect of Tidal Change 
 
In the previous studies conducted the numerical simulations using data Typhoon 
Songda (T200418) which at the time of the typhoon that was low tide conditions 
(Chapter 3). 
To see the effect of high tide to the level water produced is to make a comparison 
between the two tidal conditions and winds in the same area. 
In order to be compared, then all the conditions and input parameters such as mesh, 
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measurement location and other conditions should be the same, so conducted the 
simulation again to low tide conditions.  
The simulation results obtained from the results as in Table 5.3. 
 
Tabel  5.3 Comparison of water level due to high tide and low tide 
 
Where; 
SS : Shiroishi Shinmei  SH : Shiroishi Hachihei 
SF : Shiroishi Fukudomi  A : Ashikari (Ogi) 
HI : Higashiyoka Ooaza Iimori SAP : Saga Airport 
H : High Tide   L : Low Tide 
 
Table 5.3 is a comparison of water level due to high tide and low tide. From this 
table it can be seen that the high tide conditions result in higher water levels that exceed 
the coastal dyke, while at the low tide does not. 
H L H L H L H L H L H L
0 1.198 1.198 1.547 1.547 1.193 1.193 1.193 1.193 1.196 1.196 2.157 2.157
1 1.294 1.295 1.624 1.623 1.381 1.387 1.417 1.427 1.415 1.423 2.116 2.115
2 2.284 1.367 2.195 1.664 1.789 1.395 1.579 1.409 1.614 1.410 2.937 2.104
3 6.372 0.856 6.429 1.316 6.606 0.828 6.774 0.897 6.698 6.266
4 4.470 0.761 4.457 1.269 4.390 0.783 4.346 0.772 4.356 4.625
5 5.074 0.405 5.116 1.023 5.210 0.408 5.280 5.252 5.069
6 3.680 0.118 3.678 0.862 3.691 0.109 3.707 3.696 3.845
7 2.592 -0.058 2.596 0.732 2.595 -0.194 2.597 2.591 3.063
8 2.309 0.068 2.304 0.830 2.252 0.035 2.227 2.231 2.878
9 3.870 0.202 3.885 0.908 3.905 0.162 3.923 3.919 4.019
10 5.180 0.735 5.170 1.249 5.129 0.745 5.107 5.119 5.268
11 7.064 1.315 7.078 1.641 7.109 1.351 7.131 1.357 7.128 1.368 7.076 2.161
12 7.602 1.709 7.613 1.900 7.620 1.751 7.623 1.771 7.627 1.781 7.632 2.436
13 8.102 1.741 8.109 1.917 8.096 1.769 8.072 1.782 8.083 1.791 8.147 2.448
14 8.067 1.532 8.094 1.778 8.173 1.563 8.218 1.578 8.206 1.582 8.035 2.292
15 5.906 1.088 5.898 1.484 5.897 1.125 5.905 1.160 5.895 1.161 5.894 1.978
16 4.208 0.626 4.222 1.178 4.237 0.649 4.246 0.733 4.245 4.338
17 2.853 0.437 2.861 1.049 2.887 0.452 2.911 2.903 3.232
18 1.654 0.478 1.860 1.077 1.683 0.496 1.723 1.717 2.366
19 0.964 0.605 1.394 1.160 0.938 0.616 0.967 0.000 0.000
20 1.816 0.861 1.960 1.328 1.749 0.863 1.671 0.852 1.701 2.536
21 3.390 1.088 3.392 1.477 3.391 1.092 3.390 1.093 3.395 1.098 3.662 1.976
22 5.038 1.183 5.053 1.543 5.069 1.195 5.076 1.201 5.080 1.204 5.128 2.042
23 6.405 1.200 6.415 1.552 6.425 1.204 6.430 1.207 6.431 1.208 6.430 2.043
24 7.358 1.131 7.368 1.507 7.376 1.139 7.380 1.144 7.381 1.146 7.368 2.000
SAP
Water level (m)
SS SH SF A HI
Time
Step
(hour)
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Fig. 5. 12 Graphical view comparison of water level due to high tide and low tide 
 
Fig. 5. 12 graphically displays the results of simulation of high tide conditions (fine 
line) and low tide (dashed line), where it is clear that there is high water level that 
exceeds the coastal dyke. These conditions produced by the high tide. 
To determine the effect of tidal range, made a comparison between water levels 
generated by the tide level at the moment called the ratio of water level. Table 5.4 
shows the calculated water level ratio for each time step in all the measurement line. 
 
Table 5.4 Ratio of water level 
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0 0.209 1.031 0.270 1.332 0.208 1.027 0.208 1.027 0.209 1.030 0.376 1.856
1 0.257 1.175 0.323 1.473 0.274 1.258 0.282 1.295 0.281 1.292 0.421 1.920
2 0.534 1.422 0.513 1.730 0.418 1.450 0.369 1.465 0.377 1.465 0.686 2.187
3 1.765 1.108 1.781 1.705 1.830 1.072 1.876 1.162 1.855 1.736
4 1.410 1.379 1.406 2.299 1.385 1.418 1.371 1.398 1.374 1.459
5 1.606 1.061 1.619 2.678 1.649 1.067 1.671 1.662 1.604
6 1.028 0.365 1.027 2.676 1.031 0.338 1.035 1.032 1.074
7 0.619 -0.161 0.620 2.022 0.619 -0.535 0.620 0.618 0.731
8 0.451 0.127 0.450 1.561 0.440 0.066 0.435 0.436 0.562
9 0.639 0.248 0.641 1.118 0.644 0.199 0.647 0.647 0.663
10 0.823 0.720 0.822 1.222 0.815 0.729 0.812 0.814 0.838
11 1.109 1.227 1.111 1.530 1.116 1.261 1.119 1.266 1.119 1.276 1.111 2.016
12 1.257 1.609 1.258 1.789 1.260 1.649 1.260 1.667 1.261 1.677 1.261 2.294
13 1.620 1.670 1.622 1.840 1.619 1.698 1.614 1.710 1.617 1.718 1.629 2.349
14 1.987 1.499 1.994 1.740 2.013 1.529 2.024 1.544 2.021 1.548 1.979 2.242
15 1.806 1.075 1.804 1.466 1.804 1.112 1.806 1.146 1.803 1.147 1.802 1.955
16 1.644 0.658 1.649 1.238 1.655 0.681 1.658 0.770 1.658 1.695
17 1.194 0.501 1.197 1.204 1.208 0.518 1.218 1.215 1.352
18 0.578 0.581 0.650 1.310 0.588 0.604 0.603 0.601 0.827
19 0.273 0.736 0.395 1.412 0.266 0.749 0.274 0.000
20 0.406 0.987 0.439 1.523 0.391 0.989 0.374 0.977 0.381 0.567
21 0.635 1.167 0.635 1.585 0.635 1.171 0.635 1.173 0.636 1.178 0.686 2.121
22 0.840 1.205 0.842 1.572 0.845 1.217 0.846 1.223 0.847 1.226 0.855 2.080
23 1.021 1.198 1.023 1.549 1.025 1.202 1.026 1.205 1.026 1.206 1.026 2.039
24 1.206 1.175 1.208 1.567 1.209 1.184 1.210 1.189 1.210 1.191 1.208 2.079
SAP
Time
Step
(hour)
Ratio of water level 
SS SH SF A HI
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From table 5.4, shows that for high tide the largest water level ratio occurs at time 
step 14:00. At the A (Ashikari) measurement location, ratio of water level is 2.024 
occurred. As for the low tide mostly occurred at time step 13:00 with the largest ratio is 
2.678 which occurred at the measurement location of SH (Shiroishi Hachihei). 
Graphically shown in Fig. 5.13. 
 
 
 
Fig. 5. 13 Graphical view of water level ratio 
 
 
5.5 CONCLUSSIONS 
 
Based on simulation results and the description above can be concluded that 
1. Tidal is influential on the results of water level from numerical simulations for 
exceed the height of coastal dyke in the Ariake Sea. It can be seen from water level 
generated by the simulation with high tide conditions. Throughout the measurement 
location, water level higher than the existing coastal dyke (7.5m). 
2. Almost all of the measurement line occurs inundations area behind the coastal dyke 
starts at the time step 13:30, except HI measurement line occurred from the time step 
13.00. 
3. At the measurement locations Ashikari, Higashiyoka Ooaza Iimori and Saga Airport 
inundation occurred through the height old dyke, so the area behind the old dyke is 
also flooded. 
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4.  To see the effect of tidal to the water level produced, made the ratio of water level by 
comparing the water level and tide level. For high tide, the largest water level ratio in 
all the measurement locations occurred at time step 14.00, while for low tide, almost 
everything happens on time step 13:00. 
5. In the event of conditions with wind speeds as in Typhoon Songda (T200418) and 
high tide like the Typhoon Pat (1985) would cause overtopping on the coastal dyke 
and caused inundation in Saga Lowland area. 
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Chapter 6 
 
 
A STUDY ON PERFORMANCE OF THE OLD DYKES TO 
REDUCE THE INUNDATION IN SAGA PLAIN 
 
 
6.1 INTRODUCTION 
 
Saga Plain adjacent to the Ariake Sea is a lowland. In this area has built a building 
the coast protection along the coastline and rivers with the aim to prevent the entry of 
seawater into the mainland. However, on the inside of the Saga Plain adjacent to 
housing and other public facilities constructed coastal protection called the old dyke. 
 
 
Fig. 6.1 Position of Old Dyke in Saga Lowland 
 
From previous studies found that in the event of a storm surge that exceeds the 
existing coastal dyke, there will be an inundation in the Saga Plain. However, with the 
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old dyke in Shiroishi area, the inundation area can be minimized which is just in 
between the coastal dyke and old dyke. 
To determine the function of the old dykes in reducing the inundation area in Saga 
Plain, numerical simulations need to be done with the assumption that the Saga Plain 
without the old dykes, so it can be compared with results obtained from previous studies. 
 
 
6.2 OLD DYKE IN SAGA PLAIN 
 
In Saga plain is starting from Shiroishi Shinmei to Shiroishi Fukudomi, Askhikari, 
Higashiyoka Ooaza Iimori to Higashiyoka Kogomori and Saga Airport has built coastal 
protection that is named old dyke. 
Old dyke is a building made of natural stone construction. At some locations such as 
parts of Ashikari, Higashiyoka Ooaza Iimori to Higashiyoka Ooaza Kogomori and 
partly on the back of the Saga Airport, the top of the old dyke used as a road. Here, are 
some pictures in some old dyke Saga Plain area. 
 
  
 
 
 
Fig. 6.2 Old dyke in Shiroishi (Shinmei) 
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Fig. 6.3 Old dyke in Shiroishi (Hachihei) 
 
 
   
 
   
 
Fig. 6.4 Old dyke in Shiroishi (Fukudomi) 
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Fig. 6.5 Old dyke in Ogi (Ashikari) 
 
 
     
 
 
 
Fig. 6.6 Old dyke in Higashiyoka (Ooaza Iimori) 
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Fig. 6.7 Old dyke in Higashiyoka (Ooaza Kogomori) 
 
 
 
   
 
 
 
Fig. 6.8 Old dyke in Saga Airport 
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6.3 FLOOD SIMULATION WITHOUT OLD DYKE 
 
To find inundation area that occurs when water level exceeds the coastal dyke in the 
Saga Plain conducted by hydrodynamic simulation.  
In this study assumed on the Saga Plain, there is no old dyke. In order to see how 
large inundation area, depth and period of inundation. 
 
6.3.1Data Used 
 
The data used in this study is the wind data such as the Typhoon Songda (T200418) 
and data at the time of the tide as Typhoon Pat (T198513) as in previous studies that 
cause overtopping on coastal dykes. 
 
6.3.2 Computational Mesh 
 
Because the old dyke elevation removed and replaced with the same elevation with 
the surroundings, so that the computational mesh must be made as in Fig. 6.9. 
 
 
 
Fig. 6.9 Computational Mesh without Old Dyke 
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6.3.3 Results of Simulation 
 
a. Inundation Process 
From the numerical simulation results with the condition without the old dyke, got 
that inundation began to occur at time step 13.00 in Higashiyoka Ooaza Iimori area and 
the larger of inundation wide at time step 14.00. It can be seen in Fig. 6.10.  
It will be explain in the discussion of each measurement line. 
 
 
 
Fig. 6.10 Inundation process 
 
 
b. Simulation Results at Shiroishi Shinmei  
 
In the measurement line of Shiroishi Shinmei as in Fig. 6.11 can be explain that the 
water levels in the Ariake Sea has reached a high coastal dyke (7.5 m) at time step 12.00, 
but the sea water entered the mainland starts at time step 13:30 then of sinking. In the 
time step 14:30 the water levels began decrease in Ariake Sea. This causes the volume 
of seawater increment into the mainland did not occur. 
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Fig. 6.11 Cross sectional view of Simulation Results in Shiroishi Shinmei 
 
 
c. Simulation Results at Shiroishi Hachihei  
 
As well as the measurement line Shiroishi Shinmei, In the measurement line of 
Shiroishi Hachihei as in Fig. 6.12 can be explain that the water levels in the Ariake Sea 
has reached a high coastal dyke (7.5 m) at time step 12.00, but the sea water entered the 
mainland starts at time step 13:30 to inundate some areas. In the time step 14:30, the 
water levels began decrease in Ariake Sea.  
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Fig. 6.12 Cross sectional view of Simulation Results in Shiroishi Hachihei 
 
 
d. Simulation Results at Shiroishi Fukudomi  
 
Fig. 6.13 shows the simulation results on the measurement line Shiroishi Fukudomi 
which is displayed only start from time step 12:00, because at the time the high of water 
in the Ariake Sea has reached the high top of the coastal dyke. 
As well as the other measurement line, the measurement line Shiroishi Fukudomi 
began to occur inundation on the time step 13.30 and the water levels in the Ariake Sea 
decreased in the time step 14:30. 
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Fig. 6.13 Cross sectional view of Simulation Results in Shiroishi Fukudomi 
 
 
e. Simulation Results at Ashikari (Ogi)  
 
In the line measurement Ashikari also occur the same conditions as other line 
measurement is the process of flooding starts at 13:30 and the time step in the Ariake 
Sea water level began to decrease in time step 14.00. inundation height reached about 1 
m the same as the measurement location Shiroishi. This situation can be seen in Fig. 
6.14. 
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Fig. 6.14 Cross sectional view of Simulation Results in Ashikari (Ogi) 
 
 
f. Simulation Results at Higashiyoka Ooaza Iimori 
 
Different from the other measurement locations, measurement locations Higashiyoka 
Ooaza Iimori began to occur flooding in time 12:30, but this step is not due to sea water 
entering through the high coastal dyke. Step In the time 14:00 inundation approaching 
2.8 m height and began to decrease again at time step 14:30. It can be shows in Fig. 6.15. 
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Fig. 6.15 Cross sectional view of Simulation Results in Higashiyoka Ooaza Iimori 
 
 
g. Simulation Results at Saga Airport 
 
Similarly to the measurement line at Saga Airport, where the time step 12:00 in 
Ariake Sea water level has reached a high coastal dyke but flooding on the mainland 
began in the time step 13:30 and at time step 14:00 the height of inundation up to 1 m, 
then the time step 14:30 high water in the Ariake sea began to decrease so that no 
volume of sea water entering through overtopping of the coastal dyke (Fig. 6.16). 
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Fig. 6.16 Cross sectional view of Simulation Results in Saga Airport 
 
 
g. Water depth in Inundation area 
 
To see the depth of the inundation by making the output is lengthwise as in Fig. 6.17 
below. In Fig. 6.17 shows that at time step 13:30 Shiroishi area (Shinmei - Fukudomi) 
began a pool with an average height of less than 1 m, but in time step 14:00 a water 
depth in inundation area has been more than 1 m is about 1.2 m. At time step 14:30 a 
height of inundation had started decrease because of the Ariake Sea water level has 
decreased. For the other measurements can be seen in other parts of this chapter. 
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Fig. 6.17 Water depth in Shiroishi (Shinmei - Fukudomi) 
 
 
 
6.4 AN ANALYSIS OF PERFORMANCE OF OLD DYKE TO REDUCE THE 
INUNDATION.  
 
 
To measure the performance of the old dyke conducted by comparing simulation 
results with and without old dyke. Comparisons were made to inundation area, 
inundation height (water depth) and the period of inundation. 
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6.4.1 Inundation Area 
 
Comparison between the area of inundation resulting from simulations with and 
without the old dyke can be seen in Fig. 6.18. 
 
 
Without old dyke     With old dyke 
 
Fig. 6.18 Comparison of the inundation area without and with  old dyke 
 
 
From Fig. 6.18 it can be seen that since the time step 13:30 wide inundation on the 
simulation results without the old dyke wider than the simulation results with the old 
dyke. At the time step 14:00 is seen that at the  Shiroishi start from Shinmei to 
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Fukudomi inundation is not widespread, because it was blocked by old dyke. As for the 
Higashiyoka area at time step 13:30, inundation is still detained by the old dyke, but at 
the time step 14:00 that the water overtopping the old dyke, so on the behind of the old 
dyke are flooded. 
 
6.4.2 Inundation Depths  
 
To determine the high of the inundation area, by created lengthwise view the area of 
Shiroishi (Shinmei - Fukudomi), Ashikari and Higashiyoka and Saga Airport. In 
accordance with the simulation results, the wide inundation to be obtained that the 
flooding starts at time step 13:30, then the comparison of high inundation only start at 
time step 13:00 to 14:30 because at that time in the Ariake Sea water level has 
decreased. 
 
 
Fig. 6.19 Comparison of inundation height in Shiroishi (Shinmei - Fukudomi) 
Without old dyke
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From Fig. 6.19, can be seen that at the 14:00 time step there is a significant 
difference from high inundation for conditions where there are without the old dykes of 
nearly 1 m. Therefore, the condition of the old dykes with inundation varying heights. 
In Shinmei about 1.2 m, with approximately 1.8 m and at Fukudomi Hachihei about 3 m. 
This is understandable because of differences in the region bounded by the old dykes 
every different measurement locations. 
 
 
Fig. 6.20 Comparison of inundation height in Ashikari dan Higashiyoka 
 
Different from the Shiroishi area, in areas of Ashikari the inundation height as much 
as 1.5 m, while the inundation high reaches at the Higashiyoka 2.4 m for the conditions 
without the old dyke. However, the condition of the old dyke, the inundation high in 
Ashikari is 1.5 m and in Higashiyoka height is 3 m. This situation occurs on the time 
step 13:30. While the time step 14:00, the height of inundation approximately 2.1 m in 
Without old dyke With old dyke
13.30
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13.30
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Ashikari, Higashiyoka is 2.6 m for the conditions without the old dyke, while the 
condition with the old dyke on Ashikari the depth is 3.6 m and 3 m in Higashiyoka. At 
the time step 14:30 in Ashikari the inundation height approximately 1.5 m and 2.0 m in 
Higashiyoka to the condition without the old dyke. As for the condition of the old dyke 
in Ashikari about 3.4 m and around 2.6 m in Higashiyoka (Fig. 6.20). 
Fig. 6.21 can be shows the conditions on the area of Saga Airport that has a different 
elevation on left and right area. Where the condition without the old dyke generate 
inundation an average height of 1 m on the left side and 2.0 m on the right. To the 
condition of the old dyke on the left side of 1.1 m and the right side as high as 2.0 m. 
The height of inundation is already higher than the old dyke. This condition occurs on a 
time step 13:30. 
 
 
 
Fig. 6.21 Comparison of inundation height in Saga Airport 
Without old dyke
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At the time step 14.00, the high inundation in the condition without old dyke is about 
1.2 m to the left and 2.2 m to the right. As for the condition of the old dyke, the high of 
inundation on the left is about 2 m and about 3 m on the right. At the 14:30 time step, 
the height of inundation in both conditions had declined, which at the left approximately 
0.9 m and 1.9 m on the right for the conditions without old dyke. While for the 
condition with the old dyke, high of inundation on the left side 1.8 m and 2.8 to the right 
m. 
 
6.4.3 Inundation Period  
 
Period of flooding in most of Saga Lowland areas, begins at time step 13:30, except 
on the Ooaza Iimori Higashiyoka region which starts at 12:30. The duration of 
inundation associated with inundation emptying time again by pumping water out of 
flooded areas. The length of time depends on the volume of water pumping of the 
existing inundation area, the capacity of the pump, the pumping point and so forth. The 
simulation does not include such activities. 
 
 
6.5 CONCLUSSIONS  
 
 
From the simulation to get the inundation in Saga Lowland areas without old dyke 
can be concluded as follows; 
1. Water level of Ariake Sea in all measurements locations have reached the coastal 
dyke height (7.5m) at time step 12.00, but the flooding starts at 13:30 time step for 
all measurement locations excepted the location of measurement Higashiyoka Ooaza 
Iimori starting from time step 12:30. 
2. At time step 14:30 in Ariake Sea, water level has begun to decline and did not pass 
the high coastal dyke, so the volume of sea water that will go to mainland does not 
happen. 
3. From the comparison between the simulation results with and without the old dyke, 
showed that the location of Shiroishi (Shinmei - Fukudomi) inundation area occurs 
only up to the old dykes with inundation heights that vary according to the volume of 
water that can be accommodated by the area between the coastal dyke and old dyke. 
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While for the simulation results without the old dyke occurs the larger area of 
inundation with lower heights. Similarly to the Ashikari measurement area. 
4. In the measurement area Higashiyoka Ooaza Iimori and Saga Airport, for the 
simulation of the old dyke water levels that also produce high beyond the old dyke, 
so with or without the old dyke will be inundation in the back of the old dyke. In the 
condition without the old dyke, the height of inundation will be lower. However, the 
inundation area will be larger. 
5. Period of inundation is highly dependent on the volume of sea water into mainland, 
how the system is removing water from the inundation area, if the pumping system 
used water pump capacity is a significant factor, the number of pumping point and so 
on. 
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Chapter 7 
 
 
STORM SURGE HAZARD MANAGEMENT IN SAGA 
LOWLAND 
 
 
7. 1. INTRODUCTION. 
 
Annually, Japan territory crossed by typhoon with variety of categories, ranging from 
wind speed categories from the smallest to the largest. Typhoons have caused 
catastrophic damage by flooding due to storm surges in Japanese history. As shown in 
Table 1, large scale of storm surge disasters have occurred frequently until 1961. 
Most of Japan is threatened by flooding and high waves during the typhoon season 
around September. In addition, a side of the Japan Sea is buffeted by strong winds and 
rough seas in the winter. Storm conditions combined with high tides can cause 
especially severe damages. 
 
Table 7.1 Storm surge disasters in Japan 
 
 
From 1952 to 2011 has occurred 72 typhoon passing through Saga and within a radius 
of 150 km where the typhoon Ruth (1951), Wilda (1964), Songda (2004), Nabi (2005), 
Chaba (2004) and several other typhoons provide damage and casualties on the island of 
Dead Injured Missing
Completely
destroyed
Partially
destroyed
Washed
away
1 Oct. 1917 Tokyo Bay 1,127 2,022 197 34,459 21,274 2,442
13 Sep. 1934 Ariake Sea 373 181 66 1240 791
21 Sep. 1934 Osaka Bay 2,702 14,994 334 38,771 49,275 4,277  Muroto
27 Aug. 1942 Suo Sea 891 1,438 267 33,283 66,486 2,605
17 Sep. 1945 Southern Kyushu 2,076 2,329 1,046 58,432 55,006 2,546  Makurazaki
3 Sep. 1950 Osaka Bay 393 26,062 141 17,062 101,792 2,069  Jane
14 Oct. 1951 Southern Kyushu 572 2,644 371 21,527 47,948 1,178  Ruth
7 Sep. 1959 Ise Bay 4,697 38,921 401 38,921 113,052 4,703  Ise Bay
16 Sep. 1961 Osaka Bay 185 3,897 15 13,292 40,954 536 Second Muroto
21 Aug. 1970 Tosa Bay 12 352 1 811 3,628 40  No.10
30 Aug. 1985 Ariake Sea 3 16 0 0 589 0 No.13 (Pat)
Date
Major damaged
area
Human casualties Damage to houses
Typhoon
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Kyushu. In this island there is the Ariake Sea with the area of 1,700 km
2
 along the inner 
bay with 96 km of the bay axis and 18 km of the average width and faced on 4 
prefectures i.e. Nagasaki, Saga, Fukuoka and Kumamoto. This sea is characterized by a 
macro tidal range (3-6 m) which is the largest tidal range in Japan (Kato and Seguchi, 
2001; Hiramatsu et al., 2005; Tsutsumi, 2006).  
Most of the areas in Saga Prefecture are adjacent to the Ariake Sea and are mainly 
lowland areas with a very small slope. Therefore, once the sea water enters these areas, 
it will immediately create large inundated area despite the fact that these areas are being 
used for agricultural, offices, residential, airport and etc. However, the Japanese 
government has built coastal dyke along the shorelines and river within this areas with 
the maximum height of 7.5m.  
Typhoon can cause storm surge and if it exceed the coastal dyke or result to failure of 
the  coastal dyke, it may cause flood in the area behind the coastal dyke. 
The storm surge model was used to develop the disaster risk management plan, 
including evacuation plans and storm surge mitigation measures. 
The aim of this study is to estimate the impact of storm surge by the typhoon that ever 
crossed the region in Saga lowland and the surroundings and to make the disaster risk 
management plan including evacuation plans for this area. 
 
 
7.2.  COASTAL HAZARDS AND RISK ASSESSMENT ON STORM SURGE 
FLOOD 
 
 A coastal hazard may be defined as the occurrence of a phenomenon (e.g. a tropical 
storm), which has the potential for causing damage to, or loss of, natural ecosystems, 
buildings, and infrastructure. Vulnerability is the identification of resources at risk from 
coastal hazards. It has been defined as a nation’s ability to cope with the consequences 
of the coastal hazard. 
One of effective countermeasures against storm surge disaster is hazard maps on 
storm surge. The method of risk assessment for the map has not been established 
completely. 
There are some matters for making hazard maps on storm surge flood as shown in Fig. 
1. One is how to set tide level and wave overtopping rate as boundary conditions of 
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flood simulation. Dependency of wave height on tide level also makes it difficult to 
evaluate return period of wave overtopping rate. Second one is how to judge coastal 
dyke break. Most of coastal area in Japan is protected from storm surges and high waves 
by coastal dykes in designed level.  
Although most of coastal dyke is armored with concrete or asphalt, tide level and 
wave higher than designed level may break coastal dyke. 
From the viewpoint of mitigating fatalities, risk assessment on storm surge flood can 
be conducted as shown in Fig. 2. 
(1) Probabilistic evaluation on tide level and wave overtopping rate  
Tide levels and wave overtopping rates are necessary for flood simulation in coastal 
zones as boundary conditions. Return period of tide levels and wave overtopping rates 
can be evaluated by the results of numerical simulation with a probabilistic generation 
model for parametric properties of typhoon. 
(2) Judgment on coastal dyke break 
Break of coastal dyke increases inflow rate of seawater awfully. The break can be 
judged based on wave overtopping rate and type of coastal dyke. 
(3) Flood simulation 
Inundation depth, velocity of flood flow, and arrival time of flood in coastal zone can 
be estimated with a numerical model. 
(4) Risk assessment 
From the viewpoint of need and safety of evacuation and safety of houses, risk of 
storm surge flood can be assessed based on the results of flood simulation. 
 
 
Fig. 7.1 Schematic view of storm surge flood (Kato and Torii) 
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Fig. 7.2 Flowchart of risk assessment on storm surge flood (Kato and Torii,2003) 
 
 
7.3. STUDY AREAS 
 
Study areas are Saga lowland and the surroundings. Fig. 3 shows the studied area. 
 
 
 
Fig. 7.3  Studied Areas 
Probabilistic evaluation on tide level 
and wave overtopping rate
Judgment on coastal dike break
Flood simulation
Risk Assessment
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where; 
U   : measurement location near Ureshino (Sanbu) 
S1  : measurement location  in Shiroishi town (Shinmei) 
S2 : measurement location  in Shiroishi town (Hachihei) 
S3 : measurement location  in Shiroishi town (Fukudomi) 
A : measurement location  in Ashikari town  
H1 : measurement location  in Higashiyoka cho  
H2 : measurement location  in Kawasoe machi (Oaza Kogomori) 
H3 : measurement location  in Kawasoe machi (Saga Airport) 
 
In measurements locations there is a long old dyke was built. Here are shown some 
pictures of the old dyke. 
 
     
(a) Old dyke in Shiroishi (Hachihei)    (b) Old dyke in Shiroishi (Fukudomi) 
 
     
(c) Old dyke in Ogi (Ashikari)          (d) Old dyke in Higashiyoka (Oaza Iimori) 
 
     
(e) Old dyke in Higashiyoka (Oaza Kogomori)       (f) Old dyke in Saga Airport 
 
Fig. 7.4 Old dyke in several area. 
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7.4  COMPUTATIONAL TOOLS AND METHODOLOGY 
 
7.4.1. Computational Tools 
The MIKE 3 Flow Model Flexible Mesh (MIKE 3 FM) developed by DHI (Denmark 
Hydraulic Institute) in the frame of MIKE ZERO packages. The MIKE 3 FM is 
applicable to the simulation of hydraulic and related phenomena in lakes, estuaries, bays, 
coastal areas and seas. This software used to simulate the several typhoon that have 
crossed the Ariake Sea. In this study used several scenarios to determine the areas with 
water levels higher than the existing coastal dykes.  
 
7.4.2. Methodology 
This research used numerical simulation to obtain conditions under which the water 
level can exceed the height of the dyke and determine the areas that will be flooded. 
The results in Chapter 3, Chapter 4, Chapter 5 and Chapter 6 are used as inputs in 
Coastal Flood Hazard Management of Saga Lowland. 
In this Coastal Flood Hazard Management, just created Flood Risk Map which 
determines the level of risk of standing water due to overtopping the existing coastal 
dyke and Evacuation Map created by Flood Risk Map by using the main road which can 
be passed to the shelters that safe. 
The flowchart of this process is shown in Fig. 7.5. 
 
 
 
Fig. 7.5 Flowchart of Methodology 
Flood Simulations
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Flood Risk Map
Evacuation Map
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7.5. RESULT AND DISCUSSION 
 
7.5.1. Flood Simulation Result  
Based on the hydrodynamic simulation in some scenarios, it is found that in scenarios 
with wind speed of 80 m/s and wind direction of 180
o
 and scenarios using the wind data 
during a typhoon Songda (T200418) and tide conditions such as the typhoon Pat 
(T198513), the water level exceeded 7.5m. This means there is overtopping that caused 
the sea water to enter the Saga lowland which is a lowland area and results to inundated 
in several area.  
The result of the simulations shown in the following tables: 
 
Table 7.2  Simulation result of highest water level for scenario with wind speed 80 m/s 
and wind direction 180
o
 (m). 
 
TS U S1 S2 S3 A H1 H2 H3 
0 1.208 1.201 1.194 1.193 1.256 1.239 1.430 1.470 
2 2.043 2.268 2.457 2.768 2 - 6.46 2.819 2.805 2.922 
4 4.313 4.852 5.036 5.720 5.782 5.711 5.212 5.217 
6 5.853 6.366 6.468 7.191 7.342 7.277 6.627 6.593 
12 6.816 7.288 7.381 8.361 8.849 8.590 7.705 7.488 
18 6.776 7.250 7.340 8.337 8.899 8.569 7.475 7.435 
24 6.759 7.233 7.326 8.315 8.847 8.546 7.468 7.431 
 
where: 
TS : Time step 
 
By using other scenarios in which the wind data used are those of typhoon Songda 
(T200418) by assuming that there is a high tide during a typhoon like Pat (T198513) 
obtained the following results in Table 7.3 and Fig. 7.6. 
 
Table 7.3  Simulation result of highest water level for scenario by wind data t during a 
typhoon Songda (T200418) and tide conditions such as the typhoon Pat 
(T198513) (m).  
 
TS U SS SH SF A HI SAP 
0 1.210  1.198  1.547  1.193  1.193  1.196  2.157  
2 1.957  2.284  2.195  1.789  1.579  1.614  2.937  
6 3.678  3.680  3.678  3.691  3.707  3.696  3.845  
12 7.590  7.602  7.613  7.620  7.623  7.627  7.632  
13 8.062  8.102  8.109  8.096  8.072  8.083  8.147  
14 8.120  8.067  8.094  8.173  8.218  8.206  8.035  
24 7.352  7.358  7.368  7.376  7.380  7.381  7.368  
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Fig. 7.6 Inundation process in Saga Lowland area 
  
Fig. 7.6 is the simulation results in the 2 dimension view that at 12:30 on the 
measurement location U (Ureshino) there has been an inundation of water, while for 
other regions has not happened inundation. At 13:00, there was a small area of 
inundation on the Shiroishi (Hachihei) outside of the area where there is old dyke, 
Shiroishi (Fukudomi) especially near the Rokkaku River estuary, Higashiyoka Oaza 
Iimori particularly adjacent to the Kase River estuary, Higashiyoka Oaza Kogomori and 
at the Saga Airport especially adjacent to the Hayatsue River. While at 13:30, the 
Shiroishi (Shinmei) flooded up to the Shiroishi (Hachihei), which are beyond the old 
dyke area. In the old dyke area, at the Shiroishi (Hachihei) has already begun an 
inundation. Likewise, the Shiroishi (Fukudomi) especially the area between the old dyke 
and the new dyke flooded. At the Ashikari, Higashiyoka Oaza Iimori until the 
Higashiyoka Oaza Kogomori especially the areas between the old and the new dyke 
flooded. While for the Saga Airport area is going inundates. 
From the several simulations performed, a tide level was influential on the possibility 
of high water levels that exceed the existing coastal dyke, because the Ariake Sea has 
the largest tidal range in Japan, 3-6 m. However, when the storm with high tide 
conditions will greater risk of high water levels that exceed the existing coastal dyke and 
cause flooding in agricultural areas and settlements. 
12.30
13.30
13.00
14.00
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7.5.2. Application to Flood Hazard Risk Management 
 
a. Risk Map 
Risk maps are useful decision-support tools for several different stakeholders in the 
management plan, different stakeholders can use these maps not only for emergency 
planning, but also for reducing potential damages and losses through logical and 
sustainable urban planning.  
Strategies are developed and defined. This process is the precursor to the formulation 
of the management plan, from which the strategy for the management of the coastal 
hazards.  
This classification was made based on the results of the hydrodynamic simulation 
from several scenarios. 
 
 
 
Fig. 7.7 Flood Risk Map of Saga Lowland 
 
 
b. Evacuation planning 
Evacuation planning begins with an assessment of the types of impact that the hazard 
can provoke, and of the time available to carry out such evacuation, considering the lead 
High
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warning time. An essential element of the response is the evacuation of people and key 
mobile assets to safe areas before the impact of a potentially catastrophic event.  
Based on the Risk Map, an evacuation map was made using the route shown on the 
Fig.7.8. 
 
 
 
Fig. 7.8 Evacuation route 
 
 
c. Reduce risk from disasters 
 
Natural disasters cannot be eliminated but the risk to human and damage to existing 
facilities can be reduced. It is important in reducing the risk of coastal storm surge or 
tsunami awareness and community preparedness is supported by early warning.  
Early warning facility is one of the important elements that provide information to 
coastal communities to improve preparedness in dealing with rapid-onset, potentially 
disastrous hazard. Beside that the community should have preparedness on what to do in 
case of warnings. 
The planning and practicing emergency evacuation procedures for dealing with 
vulnerable people and utility infrastructure is a priority in building preparedness. These 
plans and procedures will be included in the management plan, which has been informed 
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by the information on hazard mapping, vulnerability and risk assessment produced by 
the procedure.  
Inadequacy of knowledge, disaster planning, coordination of relevant parties, 
information and preparation to respond to emergency situations has contributed greatly 
to the damage to facilities, loss of livelihoods and lives. This is a special challenge for 
local authorities and agencies is to create and maintain awareness of the dangers of rapid 
response incident. 
Increased public awareness of the need for preparedness in the hazards associated 
with relevant risk reduction, including the identification of an audience that needs to be 
achieved and the format and means for communicating the risk to them should be made 
to all levels of government. Behind all this activity is located requires a solid base of 
political support laws, regulations, institutional responsibility, and people trained. 
Local preparedness and commitment is a critical element for the success of an Early 
Warning System, because the success of a warning system will be judged on their ability 
to rescue people and minimize losses. Warnings should reach these critical populations 
and facilities as soon as possible, in order to start the anticipated response.  
Japan has a long history in response to the significant threat of tsunami and storm 
surge. They have developed an effective tsunami warning and mitigation procedures. In 
support of improved emergency response, government constructed an evacuation 
platform at the fishing port (it is 6.6 metres above sea level and can hold about 440 
evacuees), distributed a disaster prevention handbook, and supported the purchase of an 
emergency broadcast receiver by every household. In addition, the Japan Meteorological 
Agency developed an "earthquake emergency report" that is designed to issue a tsunami 
warning two minutes after an earthquake. 
But with the tsunami in the area of Ibaraki and Fukushima in 2011 and high tide 
conditions in the Ariake Sea, it needs to be studied again to elevate evacuation platforms 
at the fishing port and a new building in place or the other. 
 
 
7.6. CONCLUSIONS 
 
Based on the hydrodynamic modelling and the description above it can  be conclude 
that: 
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1. Flood high-risk areas to occur in coastal dyke overtopping that there is Ureshino, 
Shiroishi (Shinmei and Fukudomi), Ashikari, Higashiyoka Oaza Iimori and 
Higashiyoka Oaza Kogomori. In case of something like wind conditions at the 
time of Typhoon Songda (T200418) with a high tide such as Typhoon Pat 
(T198513) all locations in Saga Lowland area has a high flood risk even at 
Higashiyoka and Saga Airport standing water can exceed the old dyke.  
2. Evacuation Map created by the main road which can be used to get to the nearest 
area where the height of the normal travel time to the farthest not exceeding 55 
minutes. It is assumed by not choosing Saga airport for evacuation. 
3. Evacuation maps need to be placed on an existing residential area of Ariake sea 
coastal areas. 
4. It can be reviewed on elevate of evacuation platforms at the fishing port and a 
new building in place or the other. 
5. In areas of high risk and critical facilities such as Saga airport needs to be 
reviewed again to increase of the height of the existing coastal dyke. 
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Chapter 8 
 
 
CONCLUSIONS AND RECOMENDATIONS  
 
 
From all the research conducted to determine the effect of some of the typhoon 
passed through the island of Kyushu, the wind and tide conditions that caused high 
water levels through the coastal dyke and made a puddle in Saga Lowland both with and 
without the old dyke. Based on the results of several studies that made coastal flood 
hazard management and the conclusions and suggestions made as follows:  
 
8.1 THE LINKAGE OF SEVERAL STUDIES 
 
In this dissertation, there are some linkages among studies  are shows in Fig. 8.1  
 
 
 
Fig. 8.1 Linkages of several studies 
Bathymetry, Topography and Typhoon 
(Wind,  Water level and Tide)
Hydrodynamic Numerical Modelling
Past Typhoons
Songda (T200418), Nabi(T200514), Wilda (T196420) 
and Pat (T198513)
Fixed Wind
Speed : 50 – 80 m/s  Direction : 180o, 225o and 270o
High Tide with High Speed condition
Tide : Typhoon Pat      Wind speed :  Typhoon Songda
With and Without Old dyke
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 In the first part, a hydrodynamic numerical simulation is used to evaluate the current 
state of storm surge that occurs at the time of the past typhoons such as Typhoon 
Songda, Typhoon Nabi  and the Typhoon Wilda. The level of tide in this part is 
around 0.3 - 1.2 m. What should be seen is the impact of changes in wind speed and 
wind direction. In this research, used wind data from Nagasaki Meteorological 
Station. It is also used Typhoon Pat with high tidal conditions i.e., 2 - 6.4 m. In this 
study used wind data from meteorological station of Misumi. 
 The second part is the condition that the water level can be higher than the dykes is 
determined using the numerical simulation. In this part, 15 scenarios by Typhoon 
Songda conditions are used for reference and the assumption is given, which the 
wind speed increases 2 times to 3 times higher than the reference condition with the 
same wind direction. Moreover, the scenarios by using the fixed wind speed with 
fixed wind direction are examined as well. The wind speed is increased with the 
same wind direction until water level exceeds the existing coastal dykes, which 
cause flooding in lowland. The water level is found to pass through the coastal dyke 
by wind speed 80 m/s with the direction of 180° in some areas in the case of low 
tide. The increasing wind speed at each wind direction produces a linear increase in 
water level for all measurement location. 
 The third part is an effect of the high tide conditions for overflow the coastal dyke 
in the case of Typhoon Pat.  The high tides give effect to the water level exceeds 
coastal dyke and made an inundation in Saga Lowland while the tide is high. To 
obtain the effect of the tide against storm surge, a non-dimensional parameter of a 
wind driven setup with a tide level versus the tide level is focused. This calculation 
gives the result that the parameter of low tide is larger than that of high tide.  
 The forth part is a study to see the performance of the old dyke against the occurred 
flooding by comparing the simulation results without and with the old dyke. The 
result of this part is that the old dykes are particularly useful in restricting the 
inundation area. By restricting the inundation area it minimizes the effects of 
flooding. 
 In the fifth part, based on the previous studies, the flood risk map and evacuation 
map are made to use a coastal flood hazard management in Saga lowland and areas 
of high risk and critical facilities, such as Saga airport needs to be reviewed again 
for the counter-measure against the considered storm surge. 
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8.2 CONCLUSIONS 
 
Based on the research results, can be concluded as follows: 
1. Typhoon Songda (T200418), typhoon Nabi (T200514), typhoon Wilda (T196420) 
and Typhoon Pat (198513) do not bring about water level to exceed the existing 
coastal dyke. It is happened due to the tide level only about 0.3 - 1.2 m.  
2. Typhoon Pat (198513) brings about the water level approaching to exceed the 
existing coastal dyke due to the tide level about 2 - 6.4 m. 
3. Scenario within wind speed 80 m/s and wind direction 180o will cause the water 
level to exceed the coastal dyke in several areas, such as Shiroishi (Fukudomi), 
Ashikari and Higashiyoka Oaza Iimori. On the other hand, in Higashiyoka Oaza 
Kogomori the water level exceeds the coastal dyke that occurs only one hour. It 
describes about which area will face high risk when the water level exceed the 
coastal dyke. 
4. The scenario with wind speed 80 m/s and wind direction 180o by using the small 
computational mesh obtained there are not of high water levels that exceed the 
coastal dyke. However, the resulting water level high is approaching the existing 
coastal dyke. This can be caused by many factors such as different mesh sizes 
will lead to different results of the calculation of water depth that will result in 
different water levels and the distance of open boundary to measurement area. 
5. The increase wind speed will produce a linear increases water level at all 
measurement locations for wind direction 180
o
 and 225
o
. Whereas for wind 
direction 270
o
 will cause a decrease in water level. 
6. From the simulation with wind speed and wind direction as when typhoon Songda 
(T200418) with the high tide level as typhoon Pat (T198513) occurs in areas 
Ureshino, Shiroishi (Shinmei), Shiroishi (Fukudomi), Ashikari and Higashiyoka, 
however, overtopping occurs first so that the areas can be considered to have a 
higher flood risk than the Shiroishi (Hachihei) and Saga Airport. 
7. Tidal is very influential on the results of water level from numerical simulations 
for exceed the height of coastal dyke in the Ariake Sea. It can be seen from water 
level generated by the simulation with high tide conditions. Throughout the 
measurement location, water level higher than the existing coastal dyke (7.5m). 
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8. Almost all of the measurement line occurs inundations area behind the coastal 
dyke starts at the time step 13:30, except HI measurement line occurred from the 
time step 13.00. 
9. At the measurement locations Ashikari, Higashiyoka Ooaza Iimori and Saga 
Airport inundation occurred through the height old dyke, so the area behind the 
old dyke is also flooded. 
10. To see the effect of tidal to the water level produced, made the index of water 
level by comparing the water level and tide level. For high tide, the largest water 
level index in all the measurement locations occurred at time step 14.00, while for 
low tide, almost everything happens on time step 13:00. 
11. In the event of conditions with wind speeds as in Typhoon Songda (T200418) 
and high tide like the Typhoon Pat (1985) would cause overtopping on the coastal 
dyke and caused inundation in Saga Lowland area. 
12. The results with and without the old dyke showed that the location of Shiroishi 
(Shinmei - Fukudomi) inundation area occurs only up to the old dykes with 
inundation heights that varies according to the volume of water that can be 
accommodated by the area between the coastal dyke and old dyke. While for the 
simulation results without the old dyke occurs the larger area of inundation with 
lower heights. Similarly to the measurement Ashikari. 
13. In the measurement area Higashiyoka Ooaza Iimori and Saga Airport, for the 
simulation of the old dyke water levels that also produce high beyond the old 
dyke, so with or without the old dyke will be inundation in the back of the old 
dyke. If without old dyke the height of inundation will be lower, but the 
inundation area will be larger. 
14. Period of inundation is highly dependent on the volume of sea water into 
mainland, how the system is removing water from the inundation area, if the 
pumping system used water pump capacity is an important factor, the number of 
pumping point and so on. 
15. Based on the research results of previous studies, the Risk Map and Evacuation 
Map are made to use in Coastal Disaster Management in Saga lowland. 
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8.3 SUGGESTIONS AND RECOMMENDATIONS 
 
1. It can be reviewed on elevation of the platforms at the fishing port and a new 
building in place or the other places especially in the Ariake Sea. 
2. In areas of high risk and critical facilities such as Saga airport needs to be 
reviewed again to increase of the height of the existing coastal dyke.  
3. It is suggested to increase the height of coastal dyke to a height of 9 m, especially 
in areas with high risk. 
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APPENDIX  A 
TYPHOON IN JAPAN 
 
 
 
  
Typhoon tracks that passed within 150 km 
around Saga prefecture  
 
Total 72 sequences 
 
 
1 
 
MTS105090607 
200514 (WNP) 
(N33.2, E130.2) 
965 hPa / 65 kt 
 
2 
 
GOE904090702 
200418 (WNP) 
(N33.5, E130.3) 
945 hPa / 75 kt 
 
3 
 
GMS597062802 
199708 (WNP) 
(N33.0, E130.3) 
975 hPa / 60 kt 
 
4 
 
MTS106091710 
200613 (WNP) 
(N33.3, E130.0) 
950 hPa / 80 kt 
 
5 
 
MTS106081812 
200610 (WNP) 
(N33.2, E130.6) 
988 hPa / 45 kt 
 
6 
 
GMS599092321 
199918 (WNP) 
(N33.0, E130.5) 
950 hPa / 80 kt 
 
7 
 
GOE904083005 
200416 (WNP) 
(N33.2, E130.8) 
955 hPa / 80 kt 
 
8 
 
GMS596081402 
199612 (WNP) 
(N33.0, E130.7) 
960 hPa / 75 kt 
 
9 
 
GMS596071815 
199606 (WNP) 
(N33.2, E131.0) 
996 hPa / 40 kt 
 
10 
 
GMS595092317 
199514 (WNP) 
(N32.7, E130.9) 
975 hPa / 65 kt 
 
11 
 
MTS109062314 
200903 (WNP) 
(N32.3, E130.6) 
998 hPa / 0 kt 
 
12 
 
MTS107080214 
200705 (WNP) 
(N33.3, E131.4) 
975 hPa / 60 kt 
 
13 
 
GMS500110121 
200020 (WNP) 
(N32.0, E130.3) 
1000 hPa / 0 kt 
 
14 
 
GMS597091607 
199719 (WNP) 
(N33.2, E131.5) 
980 hPa / 55 kt 
 
15 
 
MTS107100912 
200715 (WNP) 
(N32.1, E130.5) 
1010 hPa / 0 kt 
 
Table of typhoon that passed the Saga within 150 km around Saga from 1951 to 2007 
  Number  Name  Basin Birth (UTC) Death (UTC) Duration  
1 195115 RUTH W. N. Pacific 1951/10/9 0:00 1951/10/16 0:00 
7 Days 0 
Hours 
2 195204 FREDA W. N. Pacific 1952/7/14 0:00 1952/7/15 12:00 
1 Days 12 
Hours 
3 195302 JUDY W. N. Pacific 1953/5/29 6:00 1953/6/7 12:00 
9 Days 6 
Hours 
4 195405 GRACE W. N. Pacific 1954/8/12 0:00 1954/8/20 12:00 
8 Days 12 
Hours 
5 195412 JUNE W. N. Pacific 1954/9/5 6:00 1954/9/16 0:00 
10 Days 18 
Hours 
6 195413 KATHY W. N. Pacific 1954/9/1 0:00 1954/9/8 18:00 
4 Days 12 
Hours 
7 195415 MARIE W. N. Pacific 1954/9/20 18:00 1954/9/28 0:00 
5 Days 6 
Hours 
8 195508 DOT W. N. Pacific 1955/7/14 6:00 1955/7/16 18:00 
2 Days 12 
Hours 
9 195522 LOUISE W. N. Pacific 1955/9/21 6:00 1955/9/30 18:00 
9 Days 12 
Hours 
10 195523 MARGE W. N. Pacific 1955/9/27 18:00 1955/10/4 6:00 
6 Days 12 
Hours 
11 195609 BABS W. N. Pacific 1956/8/12 6:00 1956/8/18 18:00 
6 Days 12 
Hours 
12 195710 BESS W. N. Pacific 1957/8/28 0:00 1957/9/7 18:00 
10 Days 18 
Hours 
13 196019 NO-NAME W. N. Pacific 1960/9/1 12:00 1960/9/2 0:00 
0 Days 12 
Hours 
14 196213 SARAH W. N. Pacific 1962/8/15 6:00 1962/8/22 12:00 
7 Days 6 
Hours 
15 196215 VERA W. N. Pacific 1962/8/25 12:00 1962/8/28 0:00 
2 Days 12 
Hours 
16 196309 BESS W. N. Pacific 1963/7/30 0:00 1963/8/10 12:00 
11 Days 12 
Hours 
17 196414 KATHY W. N. Pacific 1964/8/12 6:00 1964/8/25 0:00 
12 Days 18 
Hours 
18 196515 JEAN W. N. Pacific 1965/7/31 6:00 1965/8/7 0:00 
6 Days 18 
Hours 
19 196615 WINNIE W. N. Pacific 1966/8/21 0:00 1966/8/23 12:00 
2 Days 12 
Hours 
20 196715 NO-NAME W. N. Pacific 1967/8/12 6:00 1967/8/13 0:00 
0 Days 18 
Hours 
21 196804 MARY W. N. Pacific 1968/7/21 0:00 1968/7/29 6:00 
8 Days 6 
Hours 
22 196810 TRIX W. N. Pacific 1968/8/24 0:00 1968/8/29 12:00 
5 Days 12 
Hours 
23 196816 DELLA W. N. Pacific 1968/9/17 0:00 1968/9/25 6:00 
8 Days 6 
Hours 
24 197009 WILDA W. N. Pacific 1970/8/9 6:00 1970/8/16 0:00 
6 Days 18 
Hours 
  Number  Name  Basin Birth (UTC) Death (UTC) Duration  
25 197119 OLIVE W. N. Pacific 1971/7/30 12:00 1971/8/7 6:00 
7 Days 18 
Hours 
26 197123 TRIX W. N. Pacific 1971/8/21 0:00 1971/9/1 12:00 
11 Days 12 
Hours 
27 197209 TESS W. N. Pacific 1972/7/8 18:00 1972/7/24 6:00 
15 Days 12 
Hours 
28 197306 ELLEN W. N. Pacific 1973/7/18 0:00 1973/7/29 0:00 
5 Days 6 
Hours 
29 197418 SHIRLEY W. N. Pacific 1974/9/4 18:00 1974/9/9 0:00 
4 Days 6 
Hours 
30 197609 THERESE W. N. Pacific 1976/7/11 0:00 1976/7/19 18:00 
8 Days 18 
Hours 
31 197612 ANITA W. N. Pacific 1976/7/23 6:00 1976/7/25 0:00 
1 Days 18 
Hours 
32 197617 FRAN W. N. Pacific 1976/9/4 6:00 1976/9/14 0:00 
9 Days 18 
Hours 
33 197707 AMY W. N. Pacific 1977/8/18 0:00 1977/8/24 18:00 
6 Days 18 
Hours 
34 197803 POLLY W. N. Pacific 1978/6/18 6:00 1978/6/20 12:00 
2 Days 6 
Hours 
35 197808 WENDY W. N. Pacific 1978/7/24 6:00 1978/8/3 6:00 
10 Days 0 
Hours 
36 197818 IRMA W. N. Pacific 1978/9/11 18:00 1978/9/15 18:00 
4 Days 0 
Hours 
37 197912 KEN W. N. Pacific 1979/9/2 12:00 1979/9/5 0:00 
2 Days 12 
Hours 
38 198013 ORCHID W. N. Pacific 1980/9/7 0:00 1980/9/12 0:00 
5 Days 0 
Hours 
39 198105 JUNE W. N. Pacific 1981/6/17 12:00 1981/6/22 18:00 
5 Days 6 
Hours 
40 198110 OGDEN W. N. Pacific 1981/7/28 6:00 1981/7/31 0:00 
2 Days 18 
Hours 
41 198213 ELLIS W. N. Pacific 1982/8/19 18:00 1982/8/28 0:00 
8 Days 6 
Hours 
42 198310 FORREST W. N. Pacific 1983/9/20 12:00 1983/9/28 6:00 
7 Days 18 
Hours 
43 198512 ODESSA W. N. Pacific 1985/8/24 0:00 1985/9/1 6:00 
8 Days 6 
Hours 
44 198513 PAT W. N. Pacific 1985/8/26 6:00 1985/9/1 12:00 
6 Days 6 
Hours 
45 198906 ELLIS W. N. Pacific 1989/6/22 18:00 1989/6/24 3:00 
1 Days 9 
Hours 
46 198911 JUDY W. N. Pacific 1989/7/23 0:00 1989/7/29 0:00 
6 Days 0 
Hours 
47 199113 NO-NAME W. N. Pacific 1991/8/27 21:00 1991/8/29 3:00 
1 Days 6 
Hours 
48 199117 KINNA W. N. Pacific 1991/9/11 6:00 1991/9/14 12:00 
3 Days 6 
Hours 
49 199119 MIREILLE W. N. Pacific 1991/9/16 0:00 1991/9/28 6:00 
12 Days 6 
Hours 
  Number  Name  Basin Birth (UTC) Death (UTC) Duration  
50 199209 IRVING W. N. Pacific 1992/8/2 0:00 1992/8/4 12:00 
2 Days 12 
Hours 
51 199210 JANIS W. N. Pacific 1992/8/3 18:00 1992/8/9 3:00 
5 Days 9 
Hours 
52 199211 KENT W. N. Pacific 1992/8/6 6:00 1992/8/19 6:00 
13 Days 0 
Hours 
53 199305 OFELIA W. N. Pacific 1993/7/25 18:00 1993/7/27 18:00 
2 Days 0 
Hours 
54 199306 PERCY W. N. Pacific 1993/7/28 6:00 1993/7/30 12:00 
2 Days 6 
Hours 
55 199307 ROBYN W. N. Pacific 1993/8/2 6:00 1993/8/11 9:00 
9 Days 3 
Hours 
56 199313 YANCY W. N. Pacific 1993/8/30 0:00 1993/9/4 12:00 
5 Days 12 
Hours 
57 199407 WALT W. N. Pacific 1994/7/16 12:00 1994/7/25 21:00 
9 Days 9 
Hours 
58 199514 RYAN W. N. Pacific 1995/9/16 6:00 1995/9/24 9:00 
8 Days 3 
Hours 
59 199606 EVE W. N. Pacific 1996/7/14 6:00 1996/7/19 6:00 
5 Days 0 
Hours 
60 199612 KIRK W. N. Pacific 1996/8/5 18:00 1996/8/16 0:00 
10 Days 6 
Hours 
61 199708 PETER W. N. Pacific 1997/6/24 6:00 1997/6/28 21:00 
4 Days 15 
Hours 
62 199719 OLIWA W. N. Pacific 1997/9/4 0:00 1997/9/16 21:00 
12 Days 21 
Hours 
63 199918 BART W. N. Pacific 1999/9/19 0:00 1999/9/25 3:00 
6 Days 3 
Hours 
64 200306 SOUDELOR W. N. Pacific 2003/6/13 6:00 2003/6/19 15:00 
6 Days 9 
Hours 
65 200410 NAMTHEUN W. N. Pacific 2004/7/25 0:00 2004/8/2 0:00 
8 Days 0 
Hours 
66 200416 CHABA W. N. Pacific 2004/8/19 12:00 2004/8/31 6:00 
11 Days 18 
Hours 
67 200418 SONGDA W. N. Pacific 2004/8/28 0:00 2004/9/8 0:00 
11 Days 0 
Hours 
68 200421 MEARI W. N. Pacific 2004/9/20 18:00 2004/9/30 0:00 
9 Days 6 
Hours 
69 200514 NABI W. N. Pacific 2005/8/29 12:00 2005/9/8 6:00 
9 Days 18 
Hours 
70 200610 WUKONG W. N. Pacific 2006/8/13 0:00 2006/8/19 12:00 
6 Days 12 
Hours 
71 200613 SHANSHAN W. N. Pacific 2006/9/10 12:00 2006/9/18 12:00 
8 Days 0 
Hours 
72 200705 USAGI W. N. Pacific 2007/7/29 6:00 2007/8/4 6:00 
6 Days 0 
Hours 
 
 
Typhoon SONGDA (T200418) 
 
 
Track of Typhoon SONGDA (T200418) 
 
Basic Information 
Birth 2004-08-28 00:00:00 UTC 
Death (Latest) 2004-09-08 00:00:00 UTC 
Lifetime 264 (hours) / 11.000 (days) 
Lifetime [JMA] 264 (hours) / 11.000 (days) 
Minimum Pressure 925 (hPa) 
Maximum Wind 95 (knots) 
Largest Radius of Storm Wind 200 (nm) / 370 (km) 
Largest Diameter of Storm Wind 280 (nm) / 520 (km) 
Largest Radius of Gale Wind 375 (nm) / 690 (km) 
Largest Diameter of Gale Wind 675 (nm) / 1250 (km) 
Average Speed 25.4 (km/h) | 609 (km/d) 
Range of Movement Latitude 31.5 : Longitude 38.0 
Wind Flux 3395 
Accumulated Cyclone Energy 273680 
Power Dissipation Index 22756000 
Maximum Pressure Drop -15 hPa / 06 hours  
  -30 hPa / 12 hours  
  -50 hPa / 24 hours  
  -55 hPa / 48 hours 
Typhoon NABI (T200514) 
 
Track of Typhoon NABI (T200514) 
 
Basic Information 
Birth 2005-08-29 12:00:00 UTC 
Death (Latest) 2005-09-08 06:00:00 UTC 
Lifetime 234 (hours) / 9.750 (days) 
Lifetime [JMA] 234 (hours) / 9.750 (days) 
Minimum Pressure 925 (hPa) 
Maximum Wind 95 (knots) 
Largest Radius of Storm Wind 160 (nm) / 300 (km) 
Largest Diameter of Storm Wind 300 (nm) / 560 (km) 
Largest Radius of Gale Wind 450 (nm) / 830 (km) 
Largest Diameter of Gale Wind 825 (nm) / 1530 (km) 
Length of Movement 5764 (km) 
Average Speed 24.6 (km/h) | 591 (km/d) 
Range of Movement Latitude 32.2 : Longitude 22.3 
Wind Flux 2975 
Accumulated Cyclone Energy 238420 
Power Dissipation Index 19806000 
Maximum Pressure Drop -15 hPa / 06 hours  
  -25 hPa / 12 hours  
  -40 hPa / 24 hours  
  -59 hPa / 48 hours 
TyphoonPAT (T198513) 
 
Track of TyphoonPAT (T198513) 
 
Basic Information 
Birth 1985-08-26 06:00:00 UTC 
Death (Latest) 1985-09-01 12:00:00 UTC 
Lifetime 150 (hours) / 6.250 (days) 
Lifetime [JMA] 150 (hours) / 6.250 (days) 
Minimum Pressure 955 (hPa) 
Maximum Wind 75 (knots) 
Largest Radius of Storm Wind 100 (nm) / 190 (km) 
Largest Diameter of Storm Wind 180 (nm) / 330 (km) 
Largest Radius of Gale Wind 200 (nm) / 370 (km) 
Largest Diameter of Gale Wind 400 (nm) / 740 (km) 
Length of Movement 3686 (km) 
Average Speed 24.6 (km/h) | 589 (km/d) 
Range of Movement Latitude 20.8 : Longitude 17.3 
Wind Flux 1410 
Accumulated Cyclone Energy 82800 
Power Dissipation Index 5014500 
Maximum Pressure Drop -10 hPa / 06 hours  
  -15 hPa / 12 hours  
  -15 hPa / 24 hours  
  -20 hPa / 48 hours 
Typhoon WILDA (T196420) 
 
Track of Typhoon WILDA (T196420) 
 
Basic Information 
Birth 1964-09-19 06:00:00 UTC 
Death (Latest) 1964-09-25 18:00:00 UTC 
Lifetime 156 (hours) / 6.500 (days) 
Lifetime [JMA] 156 (hours) / 6.500 (days) 
Minimum Pressure 895 (hPa) 
Maximum Wind 0 (knots) 
Largest Radius of Storm Wind 0 (nm) / 0 (km) 
Largest Diameter of Storm Wind 0 (nm) / 0 (km) 
Largest Radius of Gale Wind 0 (nm) / 0 (km) 
Largest Diameter of Gale Wind 0 (nm) / 0 (km) 
Length of Movement 4755 (km) 
Average Speed 30.5 (km/h) | 731 (km/d) 
Range of Movement Latitude 23.8 : Longitude 17.9 
Wind Flux 0 
Accumulated Cyclone Energy 0 
Power Dissipation Index 0 
Maximum Pressure Drop -20 hPa / 06 hours  
  -40 hPa / 12 hours  
  -75 hPa / 24 hours  
  -103 hPa / 48 hours 
  
 
 
 
 
 
 
 
 
APPENDIX  B 
COASTAL LINE CHANGE IN SAGA PLAIN 
 
 
